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FOREWORD TO THE TEACHER 

Education in a Changing World. Great changes in 
educational methods and objectives have recently taken 
place. The growth of the junior high school is an experi- 
ment in education brought about through a desire on the 
part of educators to integrate the work of the elementarj) 
school with the work of the high school. Into such a 
school, the materials of science should be interwoven with 
the curricular materials of geography, history, civics, and 
especially of health education. At the earlier levels the 
ultimate outcomes for the child should be the organization 
of the integrated knowledges in such a way as will make for 
some first-hand experiences with the factors of his environ- 
ment and an understanding of the part played by such 
factors in his life activities ; a desire to know more about 
and to help in the improvement of his environment, while 
at the highest grade level of the junior high school under- 
standing, control and usage of the factors of the environ- 
ment should be the ultimate aim. 

To' properly present learning elements in an integrated 
Science curriculum at different grade levels, it is obvious 
'that the mental age and especially the point of view of the 
pupil mUst be carefully considered. A terraced plan of 
attack must be used in which the capacities, interests, and 
Science backgrounds of the seventh grade pupil must be 
considered as a distinct level in the development of the 
concepts treated in the course. Children grow much in 
capacity between the seventh and ninth grade levels. At 
the seventh grade level the teacher must use simple lan- 
guage . The science vocabulary should be restricted to the 
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use of relatively simple terms. The experiments and 
demonstrations should be easy to understand and to per- 
form. The teaching techniques should be adjusted to the 
levels of the immature youngster of this group. At the 
eighth grade level, after a year of exposure to the junior 
hi gh school activities, the boy or girl comes back to school 
in the fall with a perspective much enlarged and with a 
social viewpoint quite different from that held in the pre- 
vious year. The instruction at this level and the quality 
of work win therefore be not only at a higher terrace of 
difficulty, but should be given from quite a different social 
viewpoint. 

Classroom psychology and teaching procedures have 
shown that while the seventh grade pupil is rather an indi- 
vidualist, the same pupil at the eighth or ninth grade levels 
has a quite different outlook on school hfe. He has 
become a school citizen with the responsibilities of citizen- 
ship as a part of his mental outlook. It would seem very 
logical therefore to make our seventh grade science center 
on the individual and his personal reactions to his environ- 
ment by integrating his science interests, leisure t.b-np 
activities, and health education material with the science 
concepts fundamental to an exploratory knowledge of his 
environment. On the other hand, as the ideals of citizen- 
ship and co-operation are developed at the eighth grade 
level, it would seem logical to make science concepts lead 
to a better understanding of sueh problems as are con- 
cerned with the purity of water supplies, the protection of 
food supplies, the control and prevention of disease in 
the community, and such other science topics which show 
the need for co-operative effort for environmental improve- 
ment on the part of school children. As the outlook of 
the child broadens in the third year of the junior high 
school, a third cycle of science activities will develop at a 
still higher terrace of difficulty. At this age level the child 
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might transfer his science interests to the wider field of the 
nation and the world. 

The underlying theme for junior high school science 
should be first, at the lowest level, simple knowledges about 
the interesting and useful science in the immediate envi- 
ronment of the individual. In the second year under- 
standing is more the goal, while in the last year interpre- 
tation and application of science are the desired outcomes. 
The philosophy of presentation should result in the 
ultimate generalization that man is the only one of all the 
animals who can control and artificially change his envi- 
ronment. As such, he has dominion over the earth. 

Emphasis in science teaching is coming more and more 
to be placed on method, on problem solving, and the use 
of science facts in the solution of such simple problems as 
are within the comprehension of the pupils. Although 
generalizations and fundamental concepts are teachers’ 
goals, they are not so evident to the pupils. Therefore, 
science courses must lead the child to see and later to 
understand the reasons for many simple demonstrations 
and experiments to the end that these understandings will 
lead to the goal of forming correct generalizations. Ma- 
ture generalizations are not the immediate goal ; it is the 
forming of these generalizations through science experi- 
ences gained through the usage of science materials that 
makes for the best teaching of science. Moreover these 
generalizations should be so mastered that they may be 
used by the student in explaining new science experiences 
with which he is continually coming in contact. Thus his 
knowledge is made usable and applicable. Science teach- 
ing will never function with the mere learning of generali- 
zations; they must be used and applied intelligently in 
other .science situations. 

Our coming social group is bound to have more leisure 
time as the economic conditions in the future will doubtless 
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mnlrfi for a substantially shorter worldng day and more 
and more tii-nn for avocations. The place of science in the 
junior high school points primarily to adjustment of the 
pupil to his environment so that he may best use these 
leisure hours. Science can do much for him in awakening 
interests and making hobbies worth while. Hobbies are 
important, both for young people and for older ones; 
collecting, fishing, hiking, keeping pets, gardening, any- 
thing that makes for intelligent interpretation and use of 
the environment. 

This volume is the second of the series of texts which 
. are organized about the child in this changing world of 
science as it relates to the scheme of things in his school and 
community. Here we have tried to integrate and correlate 
science with community civics and health education in the 
school and the community. We have taken advantage 
of the growing willingness for assumption of responsibility 
which is developing in the junior high school pupil at this 
level, and have centered the science around things relating 
to citizenship in the school and co mmu nity. 

Certain unique features in the series stand out. In the 
first place, the texts are written from the pupil viewpoint 
and great care has been taken to present the material so 
that it may fit the age level of the pupil. Concepts grow 
and what may be meaningful to the ninth grader could 
not be understood clearly by the seventh grader, therefore, 
a cyclic plan of treatment is used which is believed to be 
psychologically sound. Young people are interested in 
the science of the world around them, not in blocks of a 
given part of science. As Cox ^ so well says : “A child of 
the junior high school age lives in a world of things, forces, 
phenomena, and people. He does not live in a plant and 
animal world in the seventh year, and in a health world 

*Cox, P. W. L., The Junior High School Currvsulum, Scribner, 1929. 
By permission of the publishers. 
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his eighth year, and a physical science world his ninth 
year.” 

Emphasis throughout the series is placed on thinking 
rather than on the reproduction of facts. Factual mate- 
rial is necessary, but in this series of texts the factual 
material is used in a purposeful way to the end that simple 
science problems may be solved. These problems are 
fitted to the age level of the pupil so that even in the 
seventh grade he may become habituated in the methods 
used by the scientist. A conscious effort has been made to 
give the pupils reasons why the method of the scientist 
is useful in daily hfe to the end that a transfer of training 
may take place. Experimental work done by the students 
of one of the writers and other reported cases show clearly 
that if the child is made consciously aware of the value of 
the scientific method in his solutions of daily problems 
he will adopt this method and try to use it outside the 
classroom. Hence much emphasis has been placed in 
these texts on obtaining such attitudes on the part of the 
pupil. 

The psychology of the unit with its social aspect is a 
force which makes for pupil interest and learning. The 
Morrison technique, with modifications which have been 
found desirable, is used throughout the series. Emphasis 
has been placed upon learning devices and a conscious 
attempt is made to show the pupil reasons for doing 
because of the desirable outcomes in transfer of training. 
Cuts, graphs, cartoons, and diagrams are made use of as 
learning devices. The Chinese were real thinkers, and 
their saying, “A picture is worth 10,000 words,” showed 
real pedagogical insight. Throughout the text, questions 
are given as part of the legend under the cut so that the 
pupil will integrate the visual material of the picture with 
the printed word. 

A very real attempt is made to fix associations by bring- 
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ing in related processes whenever possible so that the pupil 
realizes the relationships of one part of science with 
another. The psychological approach is used rather than 
the logical, as experimental evidence has shown this to 
give best results at this age level. While the value of the 
cMd’s recognition of the big ideas and generalizations in 
science is seen, the greater importance of properly arriving 
at these generalizations has been stressed in this series. 
Numerous devices are used to this end : At the end of 
each preview the child is asked to think back to the work 
done in similar units' at the seventh grade level, and a 
series of generalizations are suggested on which he will 
build the new concepts and generalizations at the eighth 
grade level. The review summary again presents a series 
of generalizations to which the pupil is asked to add. 
When this is done he is asked to place them in a proper 
^quence in his review summary outline. The practice 
m problem solving by means of the presentation of the 
textual material in problematic form, the various types 
of self-testmg exercises, and the many thought questions 
at the ends of the units are examples of such aids. In 
addition, constant use is made of the motivation which 
comes through desirable activities such as those obtained 
by science clubs and excursions. Leisure time activities 

interest in learning 
science. These various activities are given relatively 

tumties aHorded in this year of the junior high schoof 
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UNIT I 


CONTROL AND IMPROVEMENT OF THE 
ENVIRONMENT 

PREVIEW 

Did you ever go by train from the country into a big 
city, such as New York or Chicago? Long before you 
reached the terminal, the train passed between blocks of 
buildings, large and small, until it seemed as if the city 
spread out for miles about the central station. And then 
once you are in the city streets, whether looking up at the 
tall buildings or watching the streams of traffic flow by, 
you cannot help thinking how different it is from the 
country which you left a few hours ago. 

Man has certainly changed his environment in the 
Tankin g of a city. Rarely can "we find the original soil, 
with its green grass and pleasant trees. Even the streams 
that once existed have been diverted into sewers, and the 
air once pure and clean has become choked with dust and 
smoke. Improvements have been made, of course, for 
we do have great buildings, paved streets, and pure water 
brought to the city from a clean source perhaps hundreds 
of milea away. The streets are cleaned and the wastes are 
disposed of either through sewers or by collection. The 
dust and smoke in many cities are eliminated, and even 
where dust and smoke are present the buildings may be air 
conditioned, thus removing these evils. Let us catalogue 
some of these changes which have resulted in safer and 
more comfortable living conditions. We have mentioned 
well-paved streets, pure water, and sewers to carry off 
wastes. But we have not mentioned such advantages as 

H. * W. BCI. II — 2 1 




In many of our great cities housing conditione are being constantly improved. A 
few years ago this area on the lower east side of New York City was one of the 
most unhealthy in the city. Today the old tenements are being torn down and 
the beautiful buildings shown in the lower picture are being built. This is called 
“Knickerbocker Village." List all the improvements in living conditions found 
in the lower iUostration, 
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mean? Later we shall see that green plants, when they 
make food with the power which comes from the sun, 
give off as a by-product the gas, oxygen. This gas is 
dissolved in the water and is used by the fish in breathing. 
Here it is evident that the environment was improved 
by adding the green plant to the aquarium. 

How Man Improves His Environment. Take a trip 
with me into the densely populated area of a great city. 
A few years ago, when our housing laws were not as strict 
as they are today, such areas would be filled with people, 
crowded together in homes where light and air were 
deficient. In the slum districts of great cities no trees 
and grass were to be found. There were not even small 
parks or playgrounds where boys and girls could play. 
The tall tenement houses were built close together with 
little regard for light or ventilation. Often such dwellings 
would contain rooms without a single window, and such 
rooms were used as bedrooms by entire families. No 
wonder that diseases such as tuberculosis and other re- 
spiratory troubles were common, and that the death rate 
in these areas was much higher than in other parts of the 
city. Such slum areas are not so numerous today. Why 
is this ? First, because laws have been made to protect 
poor people who are forced by circumstances to live in 
unfavorable environments ; and secondly, because we 
are aU becoming educated to the fact that we can improve 
our environment and thus keep people in better health 
even when they are forced to live in crowded city areas. 
It pays to spend public funds and private fortunes to 
improve and lengthen life, and that is what we are be- 
giiming to see today. Health is a civic obligation. 

Some Problems Which Come from Our Living To- 
gether. The Indian Uncas would probably have thought 
that the artificial environment we find in our cities today 
was not as good as the forest and stream of his natural 
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environment. In a way he would be right, for man 
cannot improve much on nature. Wherever people have 
come to live together in large groups, new problems have 



Are you doing your share to offset the selflshneBB of these people ? 


arisen. People are selfish and too often think only about 
themselves and their families, and little about the rights 
of others who live near them. Consequently there arose 
problems of keeping the water supply pure nrH uncon- 
tamina,ted from the other person’s wastes'; the problem 
of having pure air, unsullied with dust and smoke ; and 
the problem of disposing of garbage and ashes, wastes 
that would soon make a community unsightly and in- 
sanitary. The roving Indian had none of these problems 
to meet and we know that later, when man brought to 
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him some of the evils of civilization, he failed to meet 
the problem of living successfully. 

Why Some People Do Not Co-operate. Evidently 
much of the selfishness of people living in communities 
is due to lack of education along the lines of sanitary 
science. People ought to laiow that germs exist almost 
everywhere, and that by carelessness they can scatter them 
in air, food, and water. If there is a case of illness caused 
by bacteria in their own home, they ought to know 
that, unless they are careful, they may pass on to others 
the germs that cause disease. They ought to think of 
the rights of their neighbors to have quiet and rest. They 
ought to know that every insanitary act they commit 
may affect somebody el^e. But while you are able to 
learn how to do your share in keeping your community 
healthy and clean, there are many who have never had 
this opportunity. 

Why W e Have a Health Department. For such people , 
as well as those who are criminally negligent, the com- 
munity must have laws and means of enforcing them. 
It must have a department of health which will not only 
report cases of contagious disease, enforce quai’antine 
laws, and counteract disease by modern methods, but 
there must also be regulations to prevent the sale of 
impure foods. A modern community must have hospi- 
tals, clinics, and sanitariums provided for its citizens, 
as well as schools, parks, and playgrounds. 

How You Can Help. There are many ways in which 
boys and girls can help make their community a better 
place. Start in the school. Organize clubs or squads 
which wiU help keep the school grounds clean and at- 
tractive. Have traffic squads to take charge of the street 
crossings near the school. Organize your science club 
to. make a sanitary survey of your part of the city. Get 
copies of the sanitary code from your health department 
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and report all violations to tlie proper authorities. Visit 
the health department and see what its organization is. 
Know what public buildings you have and their uses. 
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IfoBt city BChools have playgrounds, wliicli can be used on holidays as well as 
during Bcbool hours. Why is this a wise arrangement 7 


Find out where and how the community gets its water, 
and how it disposes of sewage and wastes. In other 
words, learn to apply your science in citizenship so that 
when you become a voter and taxpayer, you can vote 
intelligently and make your community a better place 
to live in. 

SELF-TESTING EXERCISE 

Select from the follovnng list those words which best fill the blank 
spaces in the sentences below and arrange them in proper numerical 
order. A word may be used more than once. 

size population health oxygen 

vote area houses new 

selfish unlimited disease crowded 

co-operate science superstition artificially 

reasons environment water responsibilities 

wealth want laws nitrogen 
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Green plants by giving out (1) improve the (2) of 

fish in (3) Because of stricter housing (4) there is less 

(5) in (6) sections of cities than formerly. As population 

in a limited (7) increases, (8) problems arise. People are 

(9) and many are not educated to understand the (10) 

for their (11) as citizens. By applying (12) to everyday 

needs, man has improved his artificial (13) : and made it a more 

desirable place in which to live. Each school member should try 

to (14) with authorities and to know the (15) problems 

of his city so that when he becomes of age, he can (16) intelli- 

gently. 

ESSAY TEST 

Cabl Tells Why His Envibonmeni’ Should Be Impbovbd 

Read carefully and critically. List all the errors and suggest 
corrections. 

I happen to live in one of those parts of our city which we call a 
slum. I can tell you some reasons why that district ought to be 
improved. In the first place, the streets are narrow and the build- 
ings old and built close together. The rooms in our apartment 
are small and the windows are all on a court so we do not get much 
light and no air. There are lots of people who have colds and 
coughs. I guess it is because they have so little sun in their rooms. 
Then the streets in my district are hardly ever cleaned and when 
they do clean them, the sweepers raise such a dust that you can 
hardly breathe. Even the trees have died in our neighborhood. 
Perhaps they never planted any. I tried to keep a green plant in 
our living room, for somebody told me they purified the ah', but the 
plant would not live. I guess it did not have enough air. Cer- 
tainly the people who live in our neighborhood need education too, 
for they throw garbage out of the windows and down into the 
courtyard, and the street is littered with refuse and papers. We 
certainly need a new deal down there. 

PROBLEM n. HOW ENVIRONMENTS ARE IMPROVED 

How the Romans Improved Their Environment. No 
one who has visited Italy and has seen the ruins of the Old 
Roman aqueducts and public baths can forget the part 
water must have played in the lives of the Romans. In 
spite of the fact that they knew nothing about germs 
and their dangers, they did know that it was worth while 
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Tho xuins of Claudlan Aqueduct. It was completed about 50 A.D. and brought 
water 44 miles from mountain springs. Ancient Rome had nine of these aque- 
ducts, the first built 313 B.c. Why did they go to the hllis for water ? 


to have a plentiful and pure water supply. So that 
shortly after the birth of Christ their engineers had planned 
great and costly aqueducts to bring pure water down 
from tlie mountain springs in the Sabine hills 44 miles 
north of Rome, and built them so well that these ruins 
exist today. But even 300 years before this the Romans 
had an excellent water supply. If one looks across the 
Tiber toward the old Roman Forum, he will see a huge 
opening with a brick waU, the mouth of the Cloaca Max- 
ima, or great sewer that drained the market places and 
streets of old Rome. This sewer, probably built in the 
second century a.d., has been in constant use until very 
recent times. 

Health and Wealth Did Not Go Together in Olden 
Times. On the other hand, if we could have lived in 
London in the golden age of England at the time of Queen 





HOW ENVIRONMENTS ARE IMTROVED 


11 


Elizabeth, we would have been shocked and offended 
at the lack of sanitation. Drinking water was taken 
from wells polluted by sewage; the streets were open 
drains, into which wastes and filth were thrown; and 
while the homes were well built and the windows were 
filled with small panes of glass, instead of being covered 
with glazed paper or heavy wooden shutters as they were 
in earlier times, the toilet and heating arrangements were 
of the most primitive sort. Homes had “beautiful carved 
oak furniture, rich embroideries, glazed windows, and 
panelled rooms” but they were wastefully heated by 
great open fireplaces and had no bathrooms. 

The Dark Ages and After. While the Romans knew a 
good deal about sanitation, we find that many of the dis- 
coveries and usages of the Roman civilization were for- 
gotten or discarded during the dark ages. What science 
there was gave place to superstition. People were dis- 
gustingly dirty. Bathing was uncommon ; vermin 
swarmed everywhere; sewage ran into the streets and 



London at the time of Queen Elizabeth. Compare the homes of the people with-' 
the churches and palaces. 
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polluted the drinking water ; refuse from the table was 
left where it was thrown. So it was that this period 
became a time of pestilence and famine. The improve- 
ment of crops and 
cattle, of garden 
vegetables and poul- 
try, and all the other 
food sources of the 
nations did not keep 
pace with the luxury 
in the homes of the 
wealthy, with the re- 
sult that many went 
hungry, for there was 
not enough food for 
all. And even in the 
Elizabethan era little 
attention was paid to 
sanitation and com- 
munity hygiene, with 
the result that great 
epidemics swept 
the country, as we 
know from a reading of Pep^’ diary of the great plague 
year when over 150,000 Londoners perished of bubonic 
plague. 

Yellow Fever and Malaria. But we do not have to go 
back to the dark ages to find epidemics, nor to see how, 
by improving the environment, a deadly disease could be 
stamped out. It is an old story now, the story of how 
Havana was rid of yellow fever. But it is such a tale of 
heroism and scientific discovery that it is worth telling 
again. It does not seem possible that until recent years 
two insects, the Aedes mosquito which causes yellow 
fever and the Anopheles mosquito which causes malaria, 



WALTER REED, 1851-1902. 


DORN in Virginia, Walter Reed got his education in the Univcr- 
sity of Virginia and as an interne in Bellevue Hospital in New 
York City. Later, as a young army surgeon, be studied bacteriology 
under the then famous Professor Welch of Johns Hopkins. In 1893 
he was placed in charge of the Army Medical Museum in Washing- 
ton and had it not been for our war with Spain, he doubtless 
would have remained at that post. But with the outbreaks of 
fever which followed our army in Cuba, he was appointed head of a 
Commission to investigate the cause and control of yellow fever. 
You all know the story of the experiments in which Dr. Lazear died 
and several brave volunteers nearly lost their lives. The discovery 
that the yellow fever was carried by the Aedes mosquito was proven 
and Havana was without yellow fever for the first time in two hun- 
dred years. 

Walter Reed did not live long after his great work, for he died of 
appendicitis in 1902. Today one of the largest army hospitals in the 
United States is named after him. 
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had been responsible for about two million deaths every 
year. 

The Work of the Army Commission. During the 
Spanish- American War, the United States army suffered 
more from malaria and yellow fever than it did from 
enemy bullets. So after the close of the war in 1900, a 
medical commission was appointed by the President to 
study the cause of yellow fever. This commission, with 
Dr. Walter Reed at its head, soon began experimental 
work. 

At first some members of the commission thought that 
the fever was transmitted by soiled bedding or clothing 
used by yellow fever victims, while others believed that 
it was transmitted by the bite of a silvery gray mosquito, 
called Aides. Dr. Jesse Lazear, who was one of those 
who believed in the mosquito theory, allowed himself 
to be bitten by such a mosquito which went to him di- 
rectly from a yellow fever patient; he died of yellow 
fever shortly afterwards. This looked like sure evidence, 
but scientists want their experiments controlled, and so 
the commission asked for volunteers who would be willing 
to submit to experiments that might give them yellow 
fever. Money was offered to those who would be willing 
to expose themselves to what might mean death. But 
two of the volunteers, army privates named Kissenger 
and Moran, stipulated that they would offer their services 
without pay and solely in the service of science. Dr. Reed 
is said to have drawn himself up, touched his cap, and 
said, “Gentlemen, I salute you.” 

Some of the Experiments. Several e:q>eriments fol- 
lowed. In one several soldiers slept and lived in a 
screened room in which the dirty furnishings and bedding 
used by yellow fever victims were placed. The men 
even slept in pajamas worn by men who had died from 
yellow fever shortly before. But after twenty days of 
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BJid then tell what happened in this experiment. 


men were free from yellow fever. They 
d to contact with the disease, but had 
)y mosquitoes. 

'iment was tried. A long room well- 
•tected from mosquitoes was divided by 
e side lived several soldiers, while on the 
placed Kissenger and Moran. These 
rotected by screens, but on their side of 
introduced Aedes mosquitoes that had 
irer patients. Both of these. men came 
V fever. In this experiment the control 
it yellow fever, while the two men who 
get it, thus proving without doubt that 
uito was responsible for spreading the 

Conquered through Control of the En- 
s interesting to know that the cause of 
never been found in spite of the work 
ts. Some of them, like Dr. 'Noguchi of 
nstitute, have given their lives as sacrifice 
But in spite of the fact that the cause is 
illow fever has been practically stamped 
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out through the extermination of the Aedes mosquito in 
most places where it was once a serious menace. The 

breeding places have been 
oiled so that the young 
cannot hatch out, or 
swamps and ponds have 
been drained, homes 
screened, and everything 
possible done to eradicate 
the pest. Look, for ex- 
ample, at the city of 
Havana — a few years 
ago a place shunned be- 
cause of its malaria and 
yellow fever. Today it 
is a health resort visited 
yearly by thousands of 
tourists. 

How the Scientist 
Works. This shows how 
the method of science was 
used in the solution of a 
problem in which the 
saving of human lives 
was the goal. The steps 
of the experiment we 
record as follows : (1) the 
determination of the question or problem to be solved ; 
(2) the various methods devised for the attempted solu- 
tion of the problem ; (3) the observations made, tabulated, 
and compared in the attempt to reach the conclusion ; 

(4) the testing or verification of the tentative conclusion 
reached as a result of the experiments made ; and finally 

(5) the application of the principles sought in the experi- 
ment. These steps are seen if we compare the story with 
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Am. Mm. alNol. Sin. 
The control of yelloir fever and malaria in 
Havana has made poaalble the development 
of the ialand as a great vacation resort. 
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the outline just given. The first step is seen in the outlin- 
ing of the problem by the commission with the underlying 
thought that mosquitoes had something to do with yellow 
fever. The second step is seen in the various experiments 
tried, one of which resulted in the death of Dr. Lazear. 
The third step, made by the many workers, brought to- 
gether a mass of material that pointed to the mosquito 
as the guilty party. The experiments with Kissenger 
and others verified the tentative conclusions reached, 
and the final step or application came with the clean-up 
of the breeding places of mosquitoes, the screening of 
houses, and the consequent drop in the death rate as 
shown in the chart on page 16. 

The Results of Scientific Improvement of the Environ- 
ment. Today life is very different from what it was in 
the middle ages or even 100 years ago. Science has shown 
people that plant and animal resources can be improved 
and increased in numbers through the use of fertilizers, 
irrigation, and plant and animal breeding. Through the 
use of machines and the harnessing of power, work is 
done so as to give us much more, leisure than we have had 



Qalloioav 

What advantages has a swimming pool over the ocean? What disadvantages 

might it have ? 


H. & w. SCI. D —3 






Photo Ini aeo. A Doutlaa, R. 1. Nesmith 

Modem Hew York office buildlnge showing “ set backs.*’ Why Is such con- 
Btroctlon nscesBary in a crowded city? 
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in the past. Consequently we are beginning to find new 
ways to use this leisure. Conununities are creating new 
playgrounds, stadiums, and parks ; states are putting 
reservations where people may hike, fish, and camp. In 
regions where natural beauty of scenery exists, new 
national monuments and parks are being opened. Since 
science has perfected the automobile, hundreds of thou- 
sands of people visit these places every year seeking en- 
joyment, while cheap and easy transportation between 
city and country is made possible through its use. 

In cities science has created new types of buildings, 
safe, well-lighted, and practical as well as beautiful. While 
skyscrapers have changed city streets, laws have caused 
high buildings to be set back as they go higher into the 
air, thus assuring light and ventilation. Science has 
created easy ways of getting up and down in these build- 
ings, has bountifully supplied them with water and heat, 
has introduced smoke-consuming devices which keep the 
air clean, and in many other ways has made the city a 
safe place to live in. Radio has come to amuse and 
interest people, giving them good music, fun, or news of 
world affairs as they please. Through good roads, the 
automobile, radio, better schools, and health service, the 
country dweller has equal chances with those who live in 
the city. Communities and nations are beginning more 
and more to realize that public health is a very big asset, 
and that a city is losing out in competition with other 
places if it does not care for the health of its citizens. 
Altogether science has done much and will do still more 
to improve the environment in the future. 

SELF-TESTING EXERCISE 

Select from the following list those words which best fill the blank 
spaces below and arrange them in proper numerical order. A word 
may be used more than once. 
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unsanitary 

commission 

sewers 

yeUow 

sanitary 
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control 

3000 

unsafe 

pure 

Anopheles 

1900 


breed 

2000 

cause 

ASdes 

science 

middle 


epidemics 

safe 

aqueducts 

change 

1000 

1800 


to 


Over (1) years ago the Romans had built costly (2)_ 

bring (3) water to Rome, and had built (4) as well to 

carry off wastes. But in the ( 6 ). ages people wore not so 

( 0 ) and as a consequence great (7) of plague and other 

diseases occurred. Even as late as ( 8 ) malaria and (9) 

fever claimed thousands of victims every year and made many 

parts of the world (10) to live in. But (11) has changed 

all this today. The Reed (12) discovered that yellow fever 

was (13) by a certain mosquito called (14) , and although 

the (15) of the disease is not surely known today, this disease 

along with malaria has been almost stamped out through (16) 

and (17) of the environment where mosquitoes (18) 


ESSAY TEST 

Alice Writes about the Changes in the Environment 
Brought About bt Science 

Read car^vlly and critically. List all the errors and suggest 
corrections. 

I don’t believe anyone living in the times of Greece and Rome 
would recognize the world today as a place he lived in. Things 
are so very different. In the first place they didn’t have any big 
cities, for Athens and Rome were only villages. Then, their build- 
ings were low and not very beautiful. The streets were not paved 
and they had no water supplies, no water in the buildings, no sew- 
ers, no street lights, and no parks or playgrounds. , They knew little 
about the use of machines and less about modern lighting and 
electric power. And of course they had no knowledge of medicine 
or sanitation. The Romans were no better off than Europe in the 
dark ages, for they had little or no knowledge of the applications 
of science. But today all has changed. Science has remade the 
world and its life by changing conditions so that disease cannot 
exist. 
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THE REVIEW SUMMARY 

In preparing a summary of what you have found out in this 
unit, you will want to place emphasis on the big ideas which have 
come from the applications of the facts you have learned and the 
demonstrations you have sceu. Doubtless you have done some 
additional reading which has helped you put together some of the 
facts into generalizations or fundamental underlying principles. 
For this unit these generalizations are : 

1. Some environments need to be improved because of the 
artificial conditions brought about by many people living together. 

2. People are thoughtless and selfish, so laws have to be made 
to protect others from the results of their heedlessness. 

3. Some diseases can be wiped out through changes in the 
environment. 

. 4. Science has made life safer and more comfortable through its 
many discoveries. 

Before making your review summary for your workbook, test 
your knowledge of the facts of the unit by checking over the text 
so as to be sure you know the facts underlying the science principles 
or generalizations. Then using this material and everything you 
have read, seen, or done yourself, make your summary outline. 
This outline you may use when you make a recitation. 

TEST ON FUNDAMENTAL CONCEPTS 

In a vertical column under the heading coebect write numbers 
of all statements you believe are true. In another column under 
iNCOEBECT write numbers of the false statements. Your grade = 
right answers X 3^. 

I. Green water weeds are a necessary factor of the environ- 
ment for goldfish because: (1) they make a restful place to 
live in ; (2) they are good for the fish to eat ; (3) when the sun 
shines, they give off oxygen to the water; (4) they look well in 
the aquarium. 

II. Man has changed his natural environment by : (5) building 
cities ; (6) building railroads and highways ; (7) adding new fac- 
tors to it ; (8) making use of natural forces to do his work. 

III. Man needs to improve his environment : (9). when over- 
crowding results from slum conditions ; (10) when his water supply 
is not pure ; (11) where natural conditions have been replaced by 
artificial conditions; (12) where individuals are careless of the 
rights of others. 
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IV. The Pntnang had considerable knowledge of sanitation as 
is proved by the fact that: (13) their temples were beautiful speci- 
mens of architecture ; (14) they had a sewer which drained the 
Forum; (15) they got their water from pure mountain springs; 
(16) they enjoyed bathing in public baths. 

V. Health and wealth did not go together in medieval times 
because : (17) the better homes did not have proper sanitation ; 

(18) people both rich and pOor had dirty and slovenly habits ; 

(19) drinking water of the rich was often polluted ; (20) there was 
not food enough to go around. 

VI. Yellow fever : (21) is caused by a mosquito ; (22) is carried 
by the.4gd«s mosquito; (23) caused more deaths than bubonic plague 
prior to 1900 ; (24) was virtually stamped out in Cuba through 
the work of the Yellow Fever Commission. 

VII. Science improved the environment : (25) when it showed 
that by draining swamps mosquitoes could be destroyed ; (26) when 
man put up advertising signs along highways; (27) when old 
buildings in slums wore torn down to be replaced by sanitary 
dwellings and playgrounds ; (28) when hospitals and schools were 
built. 

PRACTICAL PROBLEMS 

1. In what ways has man improved your local environment, 
and in what ways was it probably better before man came into it 7 
Make two columns and see how they look after you have put every- 
thing down. 

2. Suppose you had lived in your locality at the time the Indians 
did, how would you have met your problems of living? 

3. Why was it that during the middle ages sanitary conditions 
were so much worse than in the time of the Romans? 

4. Compare the sanitary conditions in a city in the interior of 
China today with a city in this country. Ask someone who has 
lived in China to give you some facts on the disposal of human 
wastes in that country. 

6. How many science discoveries do you know that have actually 
helped to improve your environment ? 

6. Apply the saying : " An ounce of prevention is worth a pound 
of cure,” to community sanitation and health problems. 

7. The following oath was required for citizenship in ancient 
Athens before a man became a citizen of that democracy ; 

We will .never bring disgrace to this, our city, by any act of dis- 
honesty or cowardice, nor ever desert our suffering comrades in 
the ranks. 

"We win fight for the ideals and sacred things of the oitv. both 
alone and with. many. 
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" Wb win revere and obey the city’s laws and do our best to in- 
cite a like respect and reverence for those in authority, who are 
prone to annul or to set them at naught. 

“We will strive unceasingly to quicken the public’s sense of civic 
duty. 

“ Thus in all these ways we will transmit this city not only not 
less, but greater, better, and more beautiful than it was trans- 
mitted to us.” 

How would you modify it for use in your school or city 7 

INTERESTING THINGS TO DO, READ ABOUT, OR SEE 

1. Look up the story of yellow fever in Paul De Kruif’s Microbe 
Hunters, and report to the class on it. 

2. Make a health poster for the bulletin board to illustrate some 
phase of the work of this unit. 

3. Make an original health slogan and submit it to the scienee 
club for exhibition. 

4. Find out from some public health office when there will be a 
broadcast of health talks by your state department of health. 

6. Make a collection of clippings bearing on improvement of the 
environment. 


SCIENCE FOR LEISURE TIME 

1. Read for pleasure some of the following books : 

Beebe, William, The Aroturus Adventure. 

Cooper, J. F., The Last of the Mohicans. 

Darrow, F. W., Thinkers and Doers. 

De Kruif, P., The Microbe Hunters. 

De Kruif, P., Seven Iron Men. 

Grenfell, W. F., A Labrador Doctor. 

Kelley, H. A., Walter Reed and Yellow Fever. 

Van Loon, H. W., The Story of Mankind. 

Williams, Ellis, Men Who Found Out. 

2. Make a relief map of your community and its vicinity. 
Then try to find out from the city engineer where the sewers and 
water pipes are located. 

3. Make an excursion to the source of your local water supply 
and report to the class what you saw. 

4. Prepare for your own workbook a collection of pictures out 
from magazines or old college and school catalogues showing the 
educational institutions in your state or county. 

6. Make photographs of the best and, worst places you can find 
in your town and exhibit them on the bulletin board. 
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SCIENCE CLUB ACTIVITIES 

1, Work with other members of the school and the faculty to 
organize a health committee, the function of which is shown in the 



diagram above. If you can get this plan started early in the school 
year, you may be able to do something of great value for your school, 

2. Appoint a Junior Health Council and plan for a series of 
meetings on “ How we may help improve the environment, ” 

3. Plan for publicity about these meetings in the school and the 
local papers. 

4. Arrange to have the local health officer or an interesting 
doctor speak at assembly on some of the health problems, 

. 5. Organize a committee for each room whose duties will be to 
hold morning inspection' and report to the Senior Health Com- 
mittee, which is composed of teachers, on exclusion from school of 
all children who show signs of contagious disease or who seem ill 

6. Organize a samtary squad to take over the supervision of the 
lunch room and school grounds at lunch time. 

7. Plan a survey of your local environment. Allot the different 
parte of the community to different boys and girls who live near or 

^ information about the 
Pl®'yg™unds, parks, swimming pools, churches, public 
libraries, schools, and other pubhc buildings. Note by some 

rS'?: toUets, all garUgeTr 

reiuse heaps, dumps, or any other places that are insanitiy 
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8. Plan a similar survey of the school building' and school 
grounds. Point out conditions that need improvement, and make 
suggestions for their improvement. 

9. Make a survey of the local mosquito problem. What kind 
of mosquitoes are found in your neighborhood, and at what season 
are they bothersome ? What state or local work has been done to 
control them? 

10. Appoint a Bulletin Board Committee to take charge of a 
poster exhibition. 

11. Plan a bulletin board exhibit of health slogans and offer 
a prize for the best. 

12. Plan a sanitary and health code for your school. 
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SunviiT Questions 

Do you imderstand what is meant 
by “an adaptation to euTiron- 
ment " ? 

Can you name any adaptations that 
fit you for the life you load ? 

Do you know why we always find 
different living things in difierent 
environments? 

Cm you explain why some forms of 
life are always associated with 
each other? 

Do you know what parasites are 
and what they do ? 

Why is it that man is able to control 
his environment when other living 
things cannot do this 7 
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ADAPTATIONS AND THEIR VALUE 

PREVIEW 

Have you ever wondered why it is that we find different 
kinds of plants and animals in different localities? Life 
in the ocean is very different from life on land, and living 
things found in the arctic regions are not at all like those 
found in the tropics. Of course all animals have the 
business of breathing, eating, growing, reproducing, ,and 
protecting themselves and their young just as much in 
one locality as in another. But how different a fish is 
from a bird, or a turtle from a dog. Plants, too, differ 
greatly in different localities, although they all have the 
same general problems of life to solve. If you think back 
to what you already know about adaptations, you will 
see that the structures which fit an animal to live in the 
water are greatly different from those which fit it to live on 
land, and that a desert plant is quite different in structure 
from one that lives in a pond. Evidently, then, adapta- 
tions result in great differences in the lives of plants and 
animals. To put it in another way, both your pet dog 
or the choice rose bush your mother has in her garden 
have adaptations which fit them to live in the environ- 
ment in which they are placed. But if your dog were an 
Eskimo dog, he would be very unhappy in warm weather 
and might die if taken to live in the tropics. The rose 
bush may be winter killed if we have a hard cold winter. 
Each and every living thing is fitted for life in its particular 
environment, and these fitnesses we call adaptations. 

87 
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Adaptations sort out animals and plants so that they 
are found in given localities. You might say it is the 



Thia pond Is slowly diying up. Will the same 
plants and animals live there if the pond dis- 
appears? 


locality that sorts out 
the creatures and 
plants. This in a way 
is true, but it only 
sorts out the plants 
and animals that are 
fitted or adapted to 
live in it. You can 
easily prove this by a 
^^sit to a pond which 
for one reason or an- 
other is slowly drying 
up. As its water sur- 
face gets smaller we 
have an increasing 
number of new plants 
and animals which are 
fitted to live in the 
damp rich soil of its 
shores, soil formed 
largely from the dead 


bodies of the water 
plants and water animals that once lived under the 
surface of the pond. Eventually the pond may dry ujj 
and disappear, and an entirely different collection of 
plants and animals comes to occupy the place where 
aquatic forms of life once lived. Thus we see a changing 
life in a changing environment, and we say the environ- 
ment determines the things that will live there. In this 
way living things come to be found in communities or 
associations which are quite different in different localities. 

Have you ever wondered why it is that some people 
are successful in life while others are dependent and never 
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earn their own living? We tliihk of the successful ones 
as having had better opportunities, friends or relatives 
who gave them a start, or some chance meeting with an 
influential member of some big corporation. But if we 
look carefully into conditions, we often find the unsuccess- 
ful are handicapped in some way and thus are unable to 
compete with those better equipped. So it is in the world 
of living things. In the struggle that goes on, the weaker 
plants and animals may be crowded out by the stronger. 
Health and vigor are great assets for success in hfe. 
A strong body is very useful if we are to win out in hfe. 

Certain kinds of adaptations have resulted in some 
plants or animals living at the expense of others. Our 
pet dog may have fleas. These little pests, while not do- 
ing the dog much harm, do live practically at his expense. 
To be sure they can and do sometimes transfer them- 
selves to us and suck human blood. In the food tube 
of our pet there are quite hkely to be worms which are 
mess mates, living on the food the animal eats and digests. 
These worms use some of the dog’s food, thus they may 
do harm since they give nothing to him in exchange. 
Such organisms are called parasites. 

Parasites, both plant and animal, do untold harm. As 
science has progressed more and more, man has come to 
realize that much of the damage done to crops and many 
of the illnesses that he is subject to are caused by parasites. 
Bacteria, of which we shall learn more later, are among the 
parasites which do most of the damage, although there 
are many others, both plant and animal, that cause disease 
and death. Much of this book is devoted to telling how 
man has come to resist the attacks of these enemies and 
will show us how he has become superior to his environ- 
ment by changing it, thus d^troying the harmful parasites 
by making their environment too unfavorable for them 
to live in. 
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Before beginning the detailed study of this unit, take 
account of your stock of science infoimation about adap- 
tations. You will understand this unit better if you will 
recall the chief scientific principles you learned as a result 
of your study of this similar unit last year. You want to 
build on a sound foundation, and you cannot do this 
unless you remember the essentials. Some of these are 
the following : 

SciENOB Principles 

1. Adaptations are forms or structures which fit a.m'Trig1,q 
and plants to live in a given environment. 

2. There are adaptive acts as well as adaptive struc- 
tures. 

3. Living things depend upon adaptations. 

Can yoii add any to this list? 


PROBLEM I. WHY DO WE FIND DIFFERENT LlVmO 
THINGS IN DIFFERENT ENVIRONMENTS? 

Demonstration 1. To Show Different Adaptations. 

Have members of the class bring in pets, and have as much 
materirf as is possible exhibited from the school museum to show 
adaptations. Demonstrate examples of adaptations which fit the 
animal for food getting, locomotion, protection against enemies, 
protection of young, and specialized adaptations. Then have 
members of the dass find the same kinds of adaptations in other 
animals and hst these in the workbooks. 

There Are Differences in Life on the Seashore and in 

the Mountains. Any boy or girl who has been to the 

mountams and the seashore knows that very different 

pl^ts and ammals are found in each locality. The birds 

which perch in the trees, the animals in the forest, the forest 

and mosses of the mountain side differ 

SI seashore, 

u-ere the birds are swimmers or waders instead of perchers, 

the ammals are small and are found in the water along 




American Mwemm of Natural Hiatorv 


The upper picture shows a tidal pool. The lower shows a small portion of the 
same pool. How many forms of life, both plant and animal, can you Identify 7 
Wbat other animals would you expeot to find In such a pool i 
31 
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the shore, burrowing in the sand or mud along the shore, 
or attached to rocks or stones between the low- and high- 
tide marks. The plants are either seaweeds on the rocks, 
low creeping plants with thick leaves in the sand, or 
stunted trees and shrubs close to the coast. Why do we 
find different living things in different localities? We 
have already learned that adaptations are structures 
which fit plants or animals to live under certain conditions. 


We have also found that living things react or respond to 
stimuli. That is, they move or respond in some way to 
forces or things that surround them. Some climbing 
plants, for example, as soon as they touch an object, will 
begin to twine themselves around it. An earthworm, as 
soon as it touches earth with its body, seems to be stimu- 
lated to burrow further into the earth, or at least to lie 
close to it, thus gaining protection. A fish will head up 
into a current of water, and some insects always fly with 
a current of ah. All of these responses are adaptative 
because they help the plant or animal to live in its environ- 


ment. If we try to explain the reasons for the differences 
between living things found along the shore and those 
found in the mountains, it is not always easy. We can 
see that the plants and animals along the seashore have 
different adaptations from those in the mountains, but 
why? We have to say, “We do not know” to some of 
the questions, but experiments have answered some others. 
We know, for example, that different plants are found in 
different intensities of sunUght. We call some sun-loving, 
and others shade-loving plants, and we know that in th e 
deep forest we shall find mosses and ferns that we sbpll not 
find in the sun. The, salts, found in soils along the shore 
one factor that is responsible for the presence of dif- 
ferent plants along the seashore from those of the moun- 
tains. Saltwater plants and animals differ from those 
which use fresh water. As we go up a mountain, the 
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ThiB is a typical desert scene in southern Arizona. Find the home of the elf owl. 
What other animals might be found living here 7 How many different plants can 
you find 7 What characteristic do they all have in common. 


cooler temperature is in a large part responsible for 
differences in vegetation found in the higher altitudes. 

Living Things Are Limited by the Environment. Thus 
we can easily see that plants and animals in one place 
are different from those in another place because they are 
sensitive to the conditions which surround them. Since 
some are more sensitive to cold or heat or dryness or salts 
in the soil found in a given locality, they will be found in 
one place but not in another. The desert quail of Cali- 
fornia are usually found in the scrub vegetation along 
river beds, water here seeming to be the limiting factor. 
Shelter often plays an important part in determining 
what animals will live in a certain locality. The giant 
cactus of the western desert often has holes in it which 
H. & w. SCI. a — 4 
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may serve as homes for a tiny owl, called the elf owl. 
Two species of woodpeckers, a sparrow hawk, a flycatcher, 
and other birds also make their nests in these holes and 
are only found in desert regions where this cactus grows. 

Adaptations for Life in the Water. Some adaptations 
for life in different environments are very remarkable; 
for example, those for a floating life near the surface of the 
ocean. Living things are found most abundantly in a 
zone close to the surface, for here food and oxygen are 
most plentiful. The young of most salt-water animnlig 
develop from eggs which are kept near the surface by drops 
of oil which are lighter than water. When the eggs 
hatch, the yoimg are often provided with long plumes, 
spines, or floating hairs. Some animals are bell shaped 
or umbrella shaped, thus providing resistance against 







' 



V: "serpent , 

9tudd«a,w£lfc Hitts' 


aiaptatlOM for Ufe at great depths can you find? 
Read WUUam Beebe's ATonesucft. Land of Water, to find out more Interesting 
tiimgs about deep.^ea fish. 
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sinking, and many fish have airbladders or layers of fat 
which buoy them up. On the other hand, fishes or other 
animals may five in the deep ocean, far below the area 
where green plants can survive, for here little fight can 
penetrate. Such fish often carry their own illumination 
in the form of organs which are phosphorescent. They 
have large eyes sometimes placed on stalks so as to use 
what little fight there is, for the struggle for food must be 
very great. 

Some Adaptations for Life on Land. Life on land shows 
more interesting adaptations. We have seen some of the 
adaptations for plant life on the desert, such as the fleshy 
stems filled with water, the thick, protective, corky cover- 
ing, and the substitution of thorns for leaves. Animal fife 
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there is not abundant, being limited to a few centipedes, 
scorpions, reptiles, birds, and mammals which can survive 
with little water. Compare this with the life of a tropical 
forest where rain falls almost daily and where the tem- 
perature is always high. Here we have zones of life. 
Tall trees which rise from 100 to 200 feet into the air, the 
lower 70 or 80 feet often without a single bi'anch and 
the upper branches forming such a curtain of foliage that 
the sun rarely penetrates to the forest floor. In this upper 
layer of the forest live most of the animals, monkeys, 
sloths, squirrels, tree raccoons, and myriads of birds. 
All of these animals show adaptation for life in the tree- 
tops, as they rai-ely move out of this upper zone of the 
forest. An intermediate layer of twisted rope-like lianas 
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is then found, which climb upward toward the light, 
often killing the giant trees on which they nlimh ; while 
on the forest floor are found shade-loving plants, ferns, 
mosses, and fungi, with many insects and a few reptiles. 
These form a third zone of life. On the trunks of trees 
we find beautiful “air plants” which produce a net-like 
mass of thick short roots which take water from the 
moisture-laden air. Everywhere we see adaptations to 
help the plants and animals survive in a competition that 
is fierce because of the great number of forma of life 
crowded into a small ground area. 

We might go on and point out adaptations for life in 
the arctic regions, where a different kind of problem exists 
for the living things there, or show how changed animals 
and plants become when they are forced to live in caves 
away from sunlight, but we will leave that for you to 
read about in some of the references given at the end of 
this unit. 

Animals and Plants Form Associations. Plants and 
animals which live in a given locality seem to have a good 
deal to do with each other. This is because their adapta- 
tions fit them for life under the same conditions. We 
often find certain insects in the top of an ehn tree and 
other quite different insects living on the trunk, while 
a t, ill other kinds live on the roots. Of course here the 
factor that determines the presence of the particular 
insect is the kind of food supplied by the tree. Those at 
the top of the tree feed on leaves, those under the bark 
chew the wood, while those which live on the roots suck 
juices from them. Here the adaptations in the mouth 
parts of the insect determine where the insect will live. 
There are over 460 different insects living on the oaks 
alone, pretty well divided up, some hviug on the leaves, 
others in the wood, while others are on the roots. Certain 
birds are always found in particular localities because the 
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iMects ot seeds which they eat are present there and no- 
where else in that locality. Some soils are better adapted 
for certain plants and animals as well. We find, for 
example, that certain plants such as cranberries or huckle- ■ 
bernes grow best in soils that are acid, a condition that 
would result in the death of other plants not fitted to use 
this part of the soil. Zones of life are found around a 
pond; m the water, aquatic plants, then a border of low 
water-lovmg grasses and shrubs, and farther back trees 
which need less moisture. Plants and animals settle down 
m the place where living conditions are easiest for them 
w ere they can find food, shelter, and conditions of light’ 
temperature, and moisture most favorable to them. ' 
Life Is Continually Changing in a Changing World. 
Not long ago a group of boys and girls made a survey of 
the plants and animals living in a small pond in a central 
western state. They found fish, frogs, many worms and 
^sect larvae m the water besides myriads oLicr^^c 
and planta. The pond wan looaled iTZoW 
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quarry and was drying up rather rapidly so that two or 
three years later when another class visited the area, 
they found the original inhabitants of the pond had 
disappeared and that now a new growth of plants and 
animals had taken the place of those that lived in the 
water. In other words, a new group of organisms with 
new adaptations had repopulated this area. The old 
population had been killed off because they did not have 
the adaptations necessary to let them live in this changed 
environment. This story has been repeated many times 
with many variations. A few years ago our prairies were 
covered with wild flowers and grasses which today have 
been almost completely replaced by others brought in 
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These diagrams show how life is continually changing when some factore of the 
environment change. What difierences can you find? 
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by man. The prairie hens and quail are both almost 
extinct and are being replaced by birds which follow 
man as he cultivates wild land, birds like the English 
sparrow, starling, or crow. Everywhere we can find life 
changing if man has come. Ask your grandparents about 
life in your town when they were children and see what 
changes have taken place in your locality about which 
you can tell your class. 


SELF-TESTING EXERCISE 

Select from the following list the words which best fill the blank 
spaces in the sentences below and arrange them in proper numerical 
order . A. word may be used more than once. 


soil 

ohanges 

new 

factors 

conditions 

differences 


temperature 

likenesses 

associations 

rain 

forests 

dry- 


adaptations 

light 

salts 

animals 

water 

static 


inhabitants 

changing 

plow 

responsive 

plants 

clouds 


There are great (1). 


- between the plants and animals found 

on the seaooast and those of the mountains. These (2) seom 

to be largely caused by the presence of certain (3) in one 

' tomperatui-o, 

and other factors also play a part. • Living things arc (G) to 

Changes m their environment. They are sorted out into different 

together because they require certain (8) 

and have (9).^^ that meet these conditions. For this reason, life is 

continually (10) on the earth An area (1 1) because ponds 

s fi®Ws or cut down (14) Then 

form^ieSIZj’^ animals come to take the place of the 

ESSAY TEST 

Ella Tells about a Tkopical Rain Forest 

rfWIv. m a. „.r, a«d 
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the monkeys climb from one place to another by means of the 
monkey ladders as some of the twining lianas are called. Most of 
the birds live near the ground and are very tame. Gorgeous big 
blue butterflies are numerous as are many other insects. Snakes 
are sometimes found, big ones, too, and that I would not like. 

Since it rains all the time and the sun practically never shines, 
the forest is dark and damp. Plants grow very rapidly because 
it is so hot, and form a dense mass of foliage from the top to the 
bottom of the forest. One has to cut his way through the forest, 
and that is why explorers know so little about it. 


PROBLEM II. WHAT ARE THE RESULTS OF SOME 
PLANT AND ANIMAL ASSOCIATIONS? 

Like Adaptations Cause Associations of Living Things. 
We have seen that plants and animals come to be asso- 
ciated in the same environment because they both have 
adaptations that fit them to live under conditions which 
exist in this environment. Always there is competition 
in the group, and we find that those which have few adap- 
tations to meet the conditions there may be forced to the 
wall. Nature has come to their rescue in some cases 
and we find plants and animals going into partnerships 
which result in mutual benefit instead of competition. 

Life Partnerships. 


a nodule it 

tneYionieof 
mlUions 
nitrei 



(uw 
msorbea 
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From Very early times the |1 /thTiS? 

Romans knew the value of 
planting clover or vetch in 
fields which had lost their 
fertility so that the follow- 
ing year those same fields 
would be fertile again. 

The reason for this was 
only discovered a few 
years ago when it was found that certain bacteria lived on 
little lumps on the roots of clover and other legumes.^ 

'Legumes: A group of plants including peas, beans, clover, and 
alfalfa. 


Explain this diagram. 
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These bacteria were able to take nitrogen out of the air 
and fix it so that the clover could use it in making food. 
So the clover gives the bacteria food and the bacteria 
give the clover some of the raw food materials and the 
partnership is complete. Many other such partnerships 
in which bacteria take part are Icnown. They live in the 
food tubes of many herbivorous animals and break down 
the woody walls of plant cells, using them as food and 
releasing the food inside the cell wall to their partner. 
We harbor many millions of bacteria, some of which help 
us in this way. 

We have read that green plants make the food of the 
world. Many animals harbor tiny green plants in their 
own bodies, giving them protection and some raw mate- 
rials out of which the plants make food. Some of this 
manufactured food goes to the animal in which they live. 
Such are the tiny green hydra which lives in fresh-water 
pools and some of its salt-water cousins, the reef-building 
coral pol3rps. 

Symbiosis Means a Joint Life. In our later study of 
biology we shall hear of many other forms of life which 
show more or less plainly this “ give and take " relation- 



What examples of symbiosis bave you found in. 
life in your locality ? 


ship. Such are the 
living together of 
aphids and ants, the 
aphids being fed and 
protected by the 
ants, which use the 
“honey dew,” a 
sweet secretion given 
off by the aphids ; or 
the partnership be- 
tween hermit crabs 
and sea anemones, 
illustrated in the 
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stem rust of wheat has two hosts, the barberry and the wheat plant. The parasite 
passes a different stage of its life on each plant. How would you go to work to 
destroy wheat rust? 

picture. This partnership for mutual benefit is called 
symbiosis. 

Some Partnerships Are One-Sided. Another kind of 
relationship results out of living together. In such a life 
one of the associates comes to live at the expense of the 
other, taking all from it and giving nothing in return. 
This kind of association is called 'parasitism. The organ- 
ism which gives the living is called the host ; the one which 
gets it is called the parasite. The world is full of examples 
of this relationship, most of which result in harm and 
perhaps an early death to the host. Our pet dog or cat 
has its fleas and worms. The oak has mistletoe and the 
rose bush has mildew or blight. The common green frog 
may harbor millions of bacteria and single-celled animals 
in his food tube, round worms and fluke worms in his liver, 
more flukes on his bladder, and scores of other less common 
parasites in other parts of the body. Man may have 
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hookworms and other intestinal worms, or he may be 
afflicted with the parasite that causes malaria or sleeping 

sickness, or some 
form of bacterial dis- 
ease. 

There Are Several 
Degrees of Parasit- 
ism. In the list of 
parasites mentioned 
above, we find, several 
degrees of parasitism. 
The flea on the cat 
or dog does not have 
to stay there in order 
to live. It can get 
its living from any 
number of different 
animals. The mistle- 
toe usually lives on 
the oak, but may live 
on other kinds of 
trees. It makes its own food in part, taking part of its 
nourishment from the host tree. It is therefore a partial 
parasite. But the parasite that causes malaria in man 
must be placed in the blood of man by a mosquito that 
carries it or it cannot develop into an adult, and so can 
never reproduce its kind. All these facts about parasites 
have been learned after much labor by scientists, so that 
today man is showing his adaptiveness by using this and 
smular knowledge to exterminate his parasitic enemies. 

SELF-TESTING EXERCISE 

Select from the following list the words which best fill the blank 
spaces in the sentences below and arrange them in numerical order. 
A word may be used more than once. 
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drink 

partnership 

benefit 

parasite 

symbiosis 

supports 

mutual 

nourishment 

host 

everything 

child 

one-sided 

shelter 

father 

needs 

mother 

food 

disease 

nothing 

partner 


Associations of living things sometimes result in a kind of (1) 

in which one (2) supplies something the other (3) and 

receives (4) or (6) in return. This condition is called 

(6) and the organisms live together for mutual (7) An- 
other association is (8) In this case an animal or plant 

(9) another animal or plant, giving it (10) and (11) 

and receiving (12) in return. The organism which gives 

everything is called the (13) ; the one which receives every- 
thing, the (14) Parasites do much harm in the world by 

causing (15) 

ESSAY TEST 

Tom Writes about the Life op a Parasite 

Read carefully and critically. List all the errors and suggest 
corrections: 

There are very many plants or animals in the world that live 
together in a very one-sided relationship. One of the two acts as 
a host of the other, which is content to sponge on its associate for 
everything, lodging, board, and transportation. They are worse 
than hitchhikers for they always remain with their host until they 
kill him. All parasites are larger than their hosts and consequently 
make short work of them. I think some parasites give their hosts 
help in making the food they live upon. An example would be 
the bacteria which live on the roots of the clover plants. Parasites 
usually find their hosts very early in life and stick to the same host, 
never changing their position. Consequently they become inac- 
tive and die with their host when they kill him. 


PROBLEM III. HOW HAS MAN’S ADAPTIVENESS 
RESULTED IN CONTROL AND IMPROVEMENT 
OF THE ENVIRONMENT? 

Man Can Adapt Himself to Hew Conditions Better 
Than Other Animals. You have already heard that man 
differs from other living things because he can change his 
environment to suit himself. He does not have to depend 
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upon the heat of the sun to keep warm. He has harnessed 
water power and made it produce electricity. He has 
dug coal and burned it in furnaces to keep warm in winter. 
He has built homes and put windows in to let light in 
and keep cold out. He has shown his inventiveness and 
adaptiveness in hundreds of ways that we ^all learn about 
later. Perhaps best of all man has used the knowledge 
gained by acientifi.c research to make his life on the earth 
safer and more healthful. 

Why We Have Lengthened Our Life Span. We must 
not think from this statement that science has solved all 
its problems and cured all our ills. On the other hand, we 
have scarcely begun to imderstand some of our problems. 
But we have made great strides toward longer lives and 
better health. A glance at the graph below shows how 
the life span has been lengthened during the past few years. 
Most of this prolonging of life is due to man’s better 
understanding of the harm done by some of the parasites 



How would you account for the lengthening 
of the life span? 


we have spoken of in the 
last problem. The lives 
of hundreds of thousands 
of babies used to be lost 
every year by a disease 
your grandmothers called 
“ summer complaint. ” 
Today science has shown 
that these babies died 
needlessly, since the dis- 
ease was caused by bac- 
teria that got into the 
babies’ food. But this 
is only one factor causing 
the increase of our life 
span. Man has found a 
way to protect hims elf 
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and his family from many other parasitic bacteria which 
cause disease. He has found that many other parasites 
besides bacteria do harm and has learned their life habits 
so that he can destroy them more effectively. He has 
found that superstition and magic will not ward off or 
cure disease. In other words, he has come to make use 
of the work of scientists in making his life on the earth 
safer. Let us see some ways in which he has done this. 

Mosquitoes and Malaria. If you look over some of the 
salt marsh land along the eastern coast or one of the fresh- 
water marshes in the South, you will find many small ditches 
have been dug which quite effectively drain these areas. 
If you ask someone who lives near this area what it means, 
he will tell you that this is part of the mosquito-control 
work in his state. But how does this control mosquitoes 
and why is it necessary to control them? Although they 
are pests, shoiild a government go to all the expense of 
draining area upon area of swamp land? But here is 
where a knowledge of science and man’s adaptiveness 
come in. Certain kinds of mosquitoes carry the parasite 


that causes malaria. 
Scientists have found 
that mosquitoes lay 
their eggs in standing 
water, and that the 
young . are the little 
wrigglers one often 
sees in small pools of 
standing water. If 
pools of water in the 
marshes are drained, 
this will do away 
with most of the 
young mosquitoes, 
and then those that 



Explain this diagram. Do you know any othey. 
enemies of the mosquito 7 





CmiTUau John L, \VTi\iht, CommiHsimm ttf ffeMliti, New York City 

New York City has succeeded In practically ezterjmDatiiig the malarial mosQuito 
by means of oiling its breeding places and draining swamps. Explain why the 
activities shown In the picturea are undertaken. 
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hatch can be killed by pouring a film of oil over the 
pools where they live. Mosquito larvae, as the young 
are called, must come to the surface to breathe, and the 
oil film gets into their breathing holes and kills them. 

An Example of How the Method of Science Was Used 
in the Discovery of Malaria. The Italians thought, 
formerly, that malaria was caused by bad air, and hence 
they called it mal aria. In 1880 a French physician 
named Laveran discovered that malaria was probably 
caused by a tiny parasite which lived in the blood cells 
of man. He reasoned that this was so because he found 
the parasite only in the blood cells of those suffering 
from malaria. A little later an English army surgeon 
named Ross, working in India, found, after a long' series 
of experiments, that mosquitoes had something to do 
with malaria. He knew that they were blood-sucking 
insects, and that they were always present where malaria 
was frequent. He reasoned that mosquitoes might carry 
this germ. He worked a long period of time before he 
found finally that a certain kind of mosquito, called 
Anopheles, had some unusually tiny bodies attached to 
the inside of its stomach. These little microscopic 
bodies were full of black specks. Ross found later that 
these black specks were only present after a mosquito 
sucked blood from a person having malaria. By a process 
of reasoning and experiments, he discovered finally that 
not only did these mosquitoes carry malaria, but that 
people could not have malaria unless they were bitten 
by one of the Anopheles mosquitoes, for a malarial parasite 
■ has to live a part of its life in the body of the person who 
has malaria and another part of its life in the body of the 
mosquito. 

Then came the testing of this remarkable theory in 
Italy. A number of people who worked in a malarial 
region near the city of Salerno were persuaded to live 

H. & W. SCI. II — 6 
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in houses which had been carefully screened. It was 
discovered that the malarial mosquito came out only at 
night. Practically none of the people who stayed in the 



Head your text carefully and then eee what liberties the artist has taken with the 

story told there. 

house at night behind their screens got malaria, although 
almost all of the people in the immediate neighborhood 
were suffering from the disease. 

The final proof came when two English physicians, 
Dr. Manson and Dr. Warren, allowed themselves to be 
bitten in England by mosquitoes which had been sent 
from Italy, but which had been previously fed on the 
blood of a person having malaria. Neither of these men 
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had had malaria previously, but eighteen days after they 
had been bitten, they both came down with the disease. 
This is an excellent example of how scientific method is 
applied in the discovery of new facts important to man- 
kind. All we have to do to escape malaria is to be sure 
that malarial mosquitoes do not bite us. This is only one 
of hundreds of examples of how the method of the scientist 
has been applied to control our environment and make for 
more healthful lives on this earth. 

A Study of the Method of Science. If we study this 
scientific method more fully, we find, first, that the 
scientist has a reason for trying to solve a problem. He 
thinks over this problem, and finally gets clear in his 
mind just what he wants to find out. He has then fixed 
his problem. His next step is to try to find out some method 
or methods of solving it. This he does by thinking over 
various ways in which he can attack it. He finally fixes 
on some method which he tries out by means of experi- 
ments to test whether his theories are correct. He may 
and often does have to perform hundreds of experiments 
before he is satisfied that he has a correct solution. This 
was the case with Dr. Ross as he worked over his problem 
of how the malarial mosquito played a part in giving the 
disease to people. At length, after he has satisfied himself 
that he has the solution to his problem, he must then put 
it to a practical test. This was done, you remember, by 
the English doctors who allowed themselves to be bitten 
by the mosquitoes, and thus proved that mosquitoes 
transmit malaria. 

Changes in Man’s Thinking Are Taking Place. It is 
natural that when your father and mother see that you 
know so much more about the recent applications of 
science than they do, that they should begin to read and 
think more for 
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what they read in advertisements and even in the news 
columns of ’ the daily paper is propaganda and is not based 
on facts. The scientist wants proof before he believes. 

He wants to be 
shown and he 
wants to weigh 
evidence before he 
comes to a deci- 
sion. Laveran, 
Ross, and Grassi 
would never have 
worked out the 
life history of the 
malaria parasite if 
they had jumped 
to conclusions. 
So people today 
are asking more 
and more for experimental proof before they accept a 
conclusion. Unfortunately we still have people who 
have their pet superstitions. Perhaps you may be one 
of the number. The fakir and the witch doctor have 
gone in most civilized communities, but we still have 
plenty of patent medicines sold without the patient 
having any scientific advice on the advisability of taking 
them. And people still drink to excess or smoke more 
than is good for them. Let is who have had the advan- 
tages of training in science do our part by trying to thinlf 
the way the scientist does and apply his method in our 
everyday life. 

SELF-TESTING EXERCISE 

Select from the following list the words which best fill the blank spaces 
in the sentences below and arrange them in numerical order, A word 
may be used more than once. 
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forty-thi'ee 

excited 

bacterial 

truth 

trained 

untrained 


necessary 

disbelieve 

shortened 

scientific 

scientist 

experiments 


believe 

seventy-four 

unscientific 

facts 

thirty-five 

fakirs 


lengthened 

superstitious 

suspend 

prevented 

fifty-nine 

unnecessary 


The life span in this country has been (1) through the appli- 
cations of science from about (2)_: years in 1870 to about (3) 

years in 1935. Diseases which were once considered (4) for 

children are now (5) by application of knowledge learned 

about (6) parasites. But in spite of (7) thinking done by 

(8)_ workers in science, there are still many people who are (9) 

and who (10) everything they read in the papers or hear 

over the radio. We need more people who are willing to (11) 

judgment until they know the (12) on which the conclusion is 

based, for this is the way the (13) has come to know the (14) 

about the things he (16) with. 


ESSAY TEST 

Jack Dbschibes the Discovbby of the Cause op Malaeia 

Read carefully and critically. List all the errors and suggest 
corrections. 

Although malaria is not a very important disease today any- 
where in the world, it once was very widespread. Especially in 
Italy and the southern part of the United States whole regions 
were considered malarious. The Italians thought the disease was 
caused by night air and so called it mal aria. The first man to find 
the parasite was Ross, an English army surgeon. He found that 
the blood of people who had malaria was filled with little black 
specks. These were the germs that caused the trouble. The 
disease is caused by a germ which gets into the blood by the bite 
of a mosquito. Any mosquito will carry this germ, so that is why 
the marshes are drained and the mosquitoes killed in this way. 




THE REVIEW SUMMARY 

In preparing a summary of what you have found out in this 
unit, you will want to place emphasis on the big ideas which have 
come from the applications of the facts you have learned and the 
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demonstrations^ you have seen. Doubtless you have done some 
additional reading which has helped you put together some of the 
facts into generalizations or fundamental underlying principles 
For this unit these generalizations are : 


1. Animals and plants can only live where their adaptations 
fit them for life. 

2. Certain kinds of plants and animals because of their 
adaptations are always found in the same localities. 

3. There is usually a struggle for life among plants and animals 

and those which are stronger or have the most useful adaptations 
survive. ® 

4. Some plants and annuals have come to live in a state of 
mutual helpfulness. 

6. Some living things have come to live at the expense of others 
and so often cause disease and death. 

^ 6. Ma-n, because of his ability to adapt himself to new conditions 

IS learning to keep most harmful parasites under control. ' 


Before making your review summary for your workbook, test 
your knowledge of the facts of the unit by checking over the text so 
as to be sure you know the facts underlying the science principles 
or generalizations. Then using this material and everything you 
have read, seen, or done yourself, make your summary outline 
1 nis outline you may use when you make a recitation. 


TEST ON FUNDAMENTAL CONCEPTS 

nf ® column under the heading cohrect mite numbers 

li characters which enable organisms to 

environment ; (2) may be structures or ways of doing 

buTnS in “''Eanism; (3) are found in animal! 

“■’’e eeen m the stripes of a tiger which re- 

S-lsite noTor^i"^ 

II Plants in the desert for nothing can live there. 

animals which live along the seashore are dlf- 

(6Uf Srdiffernt^l“® ?• “ lake because: 

the salS in Se ?afe?“7S J differences in 

(9) of the sand and ^ i ^ differences in food available; 
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III. Some adaptations for life in the water are: (11) scales; 
(12) gills ; (13) legs ; (14) fins ; (15) nails. 

IV. Zones of life: (16) are found in a tropical rain forest; 
(17) are found in a vertical section of the ocean ; (18) are found 
on the surface of the ocean ; (19) are seen when we climb a high 
mountain in the tropica ; (20) are caused by adaptations in the 
inhabitants of these zones. 

V. Associations of animals and plants: (21) are often found in 
a given environment ; (22) change as the environment changes ; 
(23) are determined by similar adaptations; (24) often depend 
upon food found in a given environment ; (26) might be seen in a 
school aquarium. 

VI. Symbiosis : (26) is the name of a certain plant ; (27) is 
never found in the animal kingdom ; (28) is a living together in a 
partnership for mutual advantage; (29) is seen in the case of a 
bird hatching its eggs ; (30) is well illustrated by the association of 
ants and aphids. 

VII. Parasitism: (31) is a living together for mutual protec- 
tion; (32) often results in the death of both parasite and host; 

(33) occurs when one organism lives at the expense of another; 

(34) is always complete and never partial ; (36) may cause disease. 

VIII. Man’s use of the scientific method : (36) has shown him 
a way to exterminate many parasites ; (37) has given him control 
over his environment ; (38) has lengthened the life span by saving 
the lives of thousands of babies ; (39) has done away with super- 
stition ; (40) has resulted in the knowledge of what causes malaria. 

PRACTICAL PROBLEMS 

1. How is it that you can swim if you are not adapted to life 
in the water? 

2. Can you give an example of a parasite not mentioned in the 
text? 

3. How does the mistletoe plant get its food from its host? 

4. Are there any border cases between symbiosis on the one 
hand and parasitism on the other? Read Wells, The Science oj 
Life, pages 922-936. 

5. How can you prove or disprove the statement that horse- 
hairs grow into snakes? 

6. Do you use the 'scientific method in solving your everyday 
problems? If so, illustrate. 

7. Is a cat that catches birds a parasite ? 

8. Can you show that a well-balanced organism illustrates 
symbiosis ? 

9. ' Are there parasites in human society? Explain your answer. 



56 


ADAPTATIONS AND THEIR VALUE 


INTERESTING THINGS TO DO, READ ABOUT, OR SEE 

1. Make a chart illustrating the life history of the sheep liver 
fluke and show how you could eradicate it. 

2. Read Paul de Kruif’s book, Microbe Hunters, and report on 
some interesting parasite described there. 

3. Read the life of some scientist described in the above book 
and make a report on it to the class. 

4. Collect for your workbook all the clippings you can find in 
the papers which have to do with superstitions. 

6. Take one or two of the above superstitions and see if you could 
disprove them by the use of the scientific method of thinking. 
(See My Own Science Problems, page 7.) 


SCIENCE FOR LEISURE TIME 

1. Make a trip to the shore and study a tidal pool for examples 

of symbiosis. Look especially for hermit crabs, sea anemones 
small fish, and little crabs. ’ 

2. If you live near the mountains, you might make a map show- 
ing the zones of life on a mountain side. Get some help from your 
teacher or from a good biology. 

3. Make a trick ^uarium with a maze of glass fitted in it like 
that shown in the diagram. Ti-y to get a minnow, stickleback, or 

_ ' ,gla*5 screen^ 


wlYinowl 












to a new situation in 
his euviroiimont by plac- 
ing the food at the point 
shown in the diagram. 
See how many times he 
tries before he learns to 
go directly to the food, 
4. Teach your pet 

nf niiaar k.i. j i.- , to beg with a lump 

vm! and do not allow him the sugar untfl 

you give him the word. Does he finally make an adaptation? 


/ 

W/ 






'"'hi 

glass scraan ^ 


SCIENCE CLUB ACTIVITIES 

buu;tb 

?' parasites common to your locality, 

on its fosts. Pliotog’-aphs showing how mistletoe grows, 
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4. Take a field trip and bring back as many different examples 
of symbiosis and parasitism as you can find. 

5. Prepare a good specimen of clover or other legume to show 
the nodules. 

6. Make a bulletin-board exhibit showing how people do not 
use the scientific method in their daily life. 

7. Make a collection of the pet superstitions of your class. 
You can do this by circulating a questionnaire asking your class to 
be honest and name any they may have. 
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SuRyEY Questions 
do you need to breathe ? 

How would you measure your luna 
capacity? ^ 

sonije air harmful to 

breathe? 

Why are some cleaning methods 
- ™°re desirable than others? 

What changes occur in air durine 
. respiration? ® 

Hov^n air in our homes be im- 


^at is ae value of ventilation? 
What IS meant by ’■ air conditioning”? 


n. I. NesmUH 



UNIT m 


PROPER AIR CONDITIONS BRING 
COMFORT AND HEALTH 

PREVIEW 

People talk a good deal about pure air and how impor- 
tant it is. We might ask, What is pure air, anyway ? We 
have seen that air is made up of a mixture of several gases, 
nitrogen, oxygen, carbon dioxide, water vapor, small 
amounts of argon, and some other gases. Is this the air 
that we usually come in contact with ? We have to admit 
that it is not. Dust, smoke, fumes, odors of various sorts, 
and worst of all, tiny living germs which stick to the dust, 
are found in most air. A good many years ago the scien- 
tist Louis Pasteur proved that germs were found in dusty 
air. He filled a number of glass flasks with beef broth, 
a liquid that is easily spoiled by germs. He boiled the 
liquid and then sealed the flasks while the broth was still 
hot. Later he opened these flasks at different places, 
some in a mountain valley in Switzerland, some part way 
up the mountain on a glacier, and some high up on the 
summit of the mountain. After opening each flask for a 
short time, he closed it so as to keep germs from getting 
inside and brought them all down to his lab oratory . Later 
he found that the broth in some of the flasks had decayed 
and smelled badly, while in others there was little or no 
decay. The flasks that were opened on the tops of the 
mountains remained absolutely as they were, thus showing 
that the little germs which caused decay were found only 
in the air that had dust in it. 
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We used to tTiinlr that carbon dioxide was very harmful 
to breathe, but recent experiments show that as long as a 
good supply of oxygen is present people suffer no discom- 
fort from the carbon dioxide in the air. Another experi- 
ment rnnHp -with people in closed rooms shows that they 
would be . very uncomfortable if they were left for any 
length of time in a room in which the air was not in motion, 
but as soon as an electric fan was started, they would be 
comfortable. Why is this so? Have you ever been in a 
desert on a hot day ? The temperature will be 1 10° in the 
shade, if you can find any. Little life will be stirring, birds 
will be under cover, and there will be a hot breeze blowing. 
You want water, and you feel hot, but you do not notice 
that you are sweating very much. You feel the glare of 
the light and the dryness of the air much more than the 



Th6 boy at the left lives at an altitude of 500D feet above sea level where the 
climate Is hot and dry ; the boy at the right lives near the coast where it is not so 
hot but where there Is much moisture in the atmosphere. Why is he so uncom- 
fortable ? 

heat. Contrast this experience with that of a hot, muggy 
day on the New England coast. Here if we could compare 
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the temperature with that of the western desert, we would 
firid it at least 20° cooler. But we feel hotter and suffer 
more from the heat. There is a little breeze, but your skin 
will be covered with beads of perspiration. How do you 
account for this difference in your feelings? In one case 
the temperature is actually much hotter, and yet you do 
not feel so uncomfortable. You say it is due to the 
humidity. 

The question then comes, What is humidity and now 
does it affect us? When particles of water vapor are in 
the air, they are said to make the air more moist or humid. 
If there was no water vapor at all, we would have zero 
humidity, and under some conditions we get a humidity 
of 90 or even 100 per cent. When this water vapor 
becomes high, it surrounds the body with a blanket of 
warm saturated air. If you put a blanket around your 
body on a hot day, you would be uncomfortable. In the 
same way this blanket of nearly saturated air prevents the 
heat from getting out of the body. Just how this is done 
and just why we are more comfortable on dry than on 
humid days are questions which will be answered later in 
this unit. 

Before you begin your study of the pages which follow, 
you will want to recall the most important scientific 
principles you learned last year in your study of a similar 
unit on air. You cAnnot expect to build without a sound 
foundation, and in order to have that, you must remember 
the essential facts you learned about the air. They are 
the following : 

SciENCB Principles 

1. The atmosphere is all the air that surrounds the 
earth. 

2. The atmosphere because of its weight exerts pressure 
upon everything with which it comes in contact. 
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3. The air contains elements essential to the lives of 
plants and animals. 

4. Many changes that take place in nature are due to 
the presence of the air. 


PROBLEM I. WHY WE BREATHE 

We learned in our science of last year how the lungs 
take in air. But we did not ask why this process is so 

necessary. We saw 
that the lungs were 
in reality two bags 
connected by a tube 
with the outside of 
the body. We found 
these bags were 
placed in an air- 
tight cavity and that 
air was taken in or 
expelled from them 
by the action of the 
ribs and muscular 
diaphragm which 
formed the lower 



The human braatWng organs, notice one lung 
is cut open to sbow the air sacs. 


wall of the chest 
cavity. 

^t us now go into a little more detail on the structure 
of the limgs and see why breathing is necessary for the 
numing of the body machine. If we were to examine a 
hmg that was cut open, we woTild find it made up of little 
am sacs such as are shown in the diagram. If one of these 
r ^ere examined under the microscope, its wall 
ould he found to be a mass of tiny blood vessels, which 
were so placed that they lay close to the cavity of the air 
sac. iHere must be a reason for this. What is it ? 
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Demonstratioii 1. To Determine Some Products of Respiration. 

Method and Observaiions : Blow the breath through a large 
dry glass tube until there is evidence of something deposited on the 
inside of the glass. From its appearance what do you judge this 
to be? Blow the breath through limewater in a test tube for a 
short time. What change occurs? Recall the meaning of this 
test, which was shown in Unit HI of My Ovm Science Problems. 

Conclusion: What are two substances produced in our bodies 
which escape in our breath? 

How the Air Is Changed in Our Lungs. When we test 
the air coming out from the lungs, we find it different ffom 
the air that went in. In the first place, it is much more 
moist. Tested with limewater, we find more carbon 
dioxide in it. If a careful analysis were made, it would be 
found to have the same amount of nitrogen but about 
4 per cent less oxygen. Evidently, then, this oxygen has 
stayed in the body while carbon dioxide and water have 
passed off in the breath. 


air tak@n mto th e lungs 


eidzoleii air os sent, oiA of lung's 



Changes in air In the lungs. How do you account for each of the above changes 7 


What do these changes mean ? From what we have just 
read it is evident that when air goes into the lung sacs 
it has relatively more oxygen and relatively less carbon 
dioxide and water vapor than when it is expelled from the 
lungs. This seems good evidence that the human body 
is like an engine, for these products found in the air which 
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passes off from the lungs are found in air passed off when 
we burn anything. Think back to your demonstration of 
last year when fuels were burned. 

The Necessity for Deep Breathing. The blood carries 
back to the lungs the carbon dioxide which has been formed 
in the cells as a result of the work done there, and this 
carbon dioxide, as we have seen by our experiment, is 
given off from the lungs when we exhale. The lun^ 
during ordinary breathing do not expel more than one 
eleventh of their total capacity. More of the air in the 
lungs can be expelled when we take a deep breath, but 
there is always some air left in the lungs. This air must 
be very impure, as it laclcs oxygen and has much carbon 
dioxide and other waste products as well. It is therefore 
highly important that we force out as much of thig air as 
possible rather frequently, and we can do this only by deep 
breathing. We must have as much fresh air as possible, 
our rooms must be well ventilated, porous clothing should 
be worn so that the body can have a constant air bath, 
for the skin under the clothes needs air as well as the parts 
exposed. We have come to depend upon outdoor play 
and outdoor sleeping as means of good health. We should 
always practice good posture and acquire good breathing 
habits. An excellent habit is that of morning exercise 
with the windows thrown open. Remember that the 
lungs need exercise and air, and that only by deep breath- 
ing which expels much of the stagnant air which accumu- 
lates in the lungs can we make them resistant against 
disease gehns. 


Ltmg Capacity. From figures obtained in a large num- 
er of measmements, not only the average capacity of the 
lungs but the volume of air changed under various condi- 
tions of breathing have been determined. In ordinary 

pass in and 

out of the lungs. This is called fo’daUfr. After exhaling 
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an ordinary breath, one can force out about 100 cubic 
inches of air in addition to the tidal air. This is called 
reserve air. After inhaling an ordinary breath one can, 
by taking as deep a breath as possible, take in about 
100 cubic inches of air more. This, scientists call com- 
plemmtal air. There is always about 100 cubic inches 
of air left in the lungs even after forcing out all that one 
possibly can. This is the residual air. You can see from 



cuT.iM.opalr' 



after iriha.'Vi'n^ on.®. 
Coin diroiW in loo^u.-in-' 
a.AdXtianaX adr^ 


the r® IS dhmys 
-UnueeoC air- ift, 
tlze lun^s 


What is the advantage of deep hreathiag? Figure out the amount of air you 
would use in B minutes when you are asieep if you take 12 breaths a minute. 
How much wouid you use in the same period of time when you are exercising hard, 
supposing your rate of breathing increases to 20 a minute ? 


the difl.gT'fl.TTt why deep breathing becomes necessary when 
we exercise vigorously and why it is a good thing for us 
to do this frequently. 

H. Sc w. Bci. n — 6 
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The Real Reason for Breathing. Most boys and girls 
think that breathing talces place in the lungs. This is 
true, but we would soon die if the oxygen stopped there 

from t via Wt matter of fact, 

the lungs are simply 
organs which serve 
to turn oxygen over 
to and take carbon 
dioxide and waste 
matter from the 
olus* blood. The real 
respiration takes 
place in the cells of 
the body which do 
work for us. If we 
work a muscle of 
the arm, then that 


UooeC 

019^0, 

to 

the heart 




an air eaa 
ef the lung 


incoming air L 
•with 03 «ygc«xV 

exholedC air- -vlth 
less eueygen tmel „ 
more eccrbon aiogd:!^ 


'€2532 


UoqcC fWjTO. tissircr 

baeir 

to OBS Heart and. 
then to the aiveauis 


What does this diagram represent? Explain. 


, CU.JLU, uiicu unai 

muscle in order to do its work must oxidize some fuel or 
food material which has been carried to it by the blood. 
If we work with the brain, then food must be oxidized in 
e brain cells in order that energy may be released 
mere. The blood, like a railroad train, carries the 
oxygen from the lungs to aU places in the body. In the 
blood are little cells known as red corpuscles having the 
abihty to carry oxygen. They are also able to give up 
oxygen where it is needed in the body. Thus the blood 
becomes a medium of exchange between the cells and the 
air which is taken into the lungs. The products formed 
w en oxypn IS used in the body are exhaled in the breath 
and may be detected by simple tests. 


SELF-TESTING EXERCISE 

spSlt M the hlanh 

order. A v>oril nayZ 
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air 

food 

thin 

gain 

30 

easGS 

sacs 

130 

produce 

lose 

230 

less 

. oxidize 

more 

water 

cells 

lungs 

60 . 

100 

waste 

330 

blood 

breath 

use 

carbon dioxide 


Air expelled from the lungs has (1) carbon dioxide and water 

vapor and (2) oxygen than air which is taken into the lungs. 

This is because the (3) of the body (4) food when work 

is done and thus (5) oxygen and (6) carbon dioxide and 

water as (7) products. The (8) carries the oxygen to the 

( 9 )^ and returns the carbon dioxide and water to the (10) 

The exchange of (11) and (12) takes place in the air 

( 13 ) which have very (14) walls. The lungs have a 

capacity of about (16) cubic inches of air, of which (16) 

cubic inches always remain. A very deep breath will take out 

about (17) cubic inches although in quiet breathing we rarely 

change more than (18) cubic inches of (19) in a single 

(20) 

ESSAY TEST 

Habet Tells Why We Breathe 
Read careifully and critically. List errors and suggest corrections. 

All liAring things that do work have to breathe. This is because 
they are like engines which cannot burn coal or oil in the fire box 
unless it is mixed with oxygen. It is really the oxygen and nitrogen 
of the air that are used in the lungs where food is oxidized. We 
carry food to the lungs in the blood and when we breathe, the 
oxygen of the air unites there vdth the food, releasing energy to do 
work. That is the reason why heat, carbon dioxide, and water 
vapor are passed out in our breath. 

PROBLEM n. WHAT CONDITIONS OP AIR ARE MOST 
FAVORABLE TO MAN? 

Demonstration 2. To Prove that Germs Are Associated with Dust 
in the Air. 

Take three sterile Petri dishes containing culture medial Label 
them 1, 2, and 3. Expose #1 by taking off the cover for three 
minutes in a schoolroom where dusting is being done with a dry 
cloth or duster. Expose #2 in the same room for three minutes 
when no movement of air is taking place. Keep jj*3 closed for a 
control. Place all three in a warm place for three days. What 
results do you find? 
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icmnii Oallouiae 


Viewa of two plants tone wasting mucli fuel in smoke, the other sawing fuel by use 
of smoke consumera. 

Dust and Its Dangers. Pure air is a mixture of several 
gases and water vapor. But you know that most air 
contains some impurities. In cities where soft coal is 
burned, over 60 per cent of the dust is made up of unburned 
particles of coal. In such cities as Chicago, St. Louis, 
or Pittsburgh before smoke consumers were placed in 
chimneys, as much as 1000 tons of solid material, mostly 
soot, were placed in the air every year. This soot is 
deposited on our clothing and furniture and is very irritat- 
ing to the nose and throat. Worse than this, smoke and 
dust screen out the health-giving ultra-violet rays of 
light from the sun. But dust comes from other sources. 
Rocks, ground up by the force of water, wind, .and frost, 
become powder and get into the air as dust when the wind 
blows. Sometimes volcanic eruptions which blow off the 
tops of mountains throw thousands of tons of dust into 
the upper atmosphere. After an explosion of the volcano 
Krakatoa in the East Indies in 1883, four cubic miles of 
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mountain was blown into dust. This dust remained in 
the atmosphere for several years and passed completely 
around the world. 

We had a similar 
experience in 1934 
when the wind 
carried dust from 
the drought- 
stricken states 
west of the Mis- 
sissippi Biver as 
far east as New 
York. Then we 
have evidence of 
millions of little organisms in the air. If you take two 
sterile Petri dishes filled with absolutely sterile culture 
media, a substance made of beef broth and gelatin, and 
expose one to the air in a schoolroom while dust is being 
stirred up by the movement of people, and the second in 
the same room when the air is quiet, then put them away 
in a warm place for two or three days, little growths will 

appear on the surface 
of the culture media, 
but most of the 
growths will be found 
in the dish exposed 
to the dusty condi- 
tions. If these 
growths are ex- 
amined under a com- 
pound microscope, 
they will be found to 
be small colonies of 
tiny organisms called 
bacteria. Most of 



FoUgw a dust particle into the nose and show 
what happens to It there. 
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are harmless but some may be very dangerous and 
cause disease. These bacteria are little plants, and there 
are other tiny plants also found in the dust, called yeasts 
and molds. 

How the Organs of Respiration Are Protected from 
Dust. The nose, the organ of smell, performs several 
other very important oflices. Just near its entrance are 
many hairs which the air must pass. Down below, in 
the throat itself, is a soft lining of cells which are provided 
with tiny whip-like structures made of living matter. 
These structures, called cilia, are constantly in motion, 
and always whip upwards so as to expel all foreign material 
from the lungs. The ciliated cells, together with the 
hair in the nose, prevent most foreign matter, such as 
dust and dirt with their load of germs, from going down 
into the lungs. The lining of the nose also moistens and 
warms the air before it passes to the lungs. 

Hay Fever. The disease known as hay fever seems to 
be caused by dust made up of pollen from different kinds 
of flowers. This pollen is a violent poison to some people, 
and causes sneezing, itching eyes and nose, and a feeling 
of discomfort. No real cure has been found except innoc- 
ulation with various vaccines made from the agents which 
cause the trouble. A similar disease called asthma is 
often caused by food poisoning. The cause of the trouble 
can often be discovered by means of a skin test in which 
a tiny portion of the suspected food is placed in a small 
scratch on the arm. A similar scratch is made without 
the food substance as a control. If a redness and swelling 
occurs in the scratch containing the food substance, 
then we may know that -the person is sensitive to this 
food and should not eat it. 

Proper Methods of Sweeping and Dusting. It is 
important not to stir up any more dust into the air than 
is necessary when we sweep or dust. For those who 
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have electricity in their homes, the vacuum cleaner is 
the safest and best method of cleaning. A damp or oily 



Can you explain the principle used in this sweeper ? 


cloth should be used on polished surfaces such as floors 
and furniture. Rugs are much better than carpets be- 
cause they can be taken out of doors and swept instead 
of stirring up the dust inside the room. 

The Vacuum Cleaner and Sweeper. The electric 
vacuum cleaners are of two types. One produces a 
vacuum by means of 
an air pump of the 
piston type, the other 
by means of a fan. 

A higher vacuum can 
be produced with a 
pump but it is hard 
on the rugs and car- 
pets. The principle 



of vacuum cleaning is 
easily demonstrated 


A vacuum cleaner that you can make, 
your text to see how it works. 


!Read 


by holding the end of a glass tube near a loose ball of 


paper (C) and drawing up the piston (A). A vacuum 
is produced in the tube, and air rushing into the tube 
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pushes the paper along with it. By making the opening 
(0) smallCT by using a stopper with a small tube, sand 
may be forced into the tube, and if a piece of muslin 
cloth (m) is fastened over the inside of the stopper near 
the end of the larger tube, this will hold the sand and dirt 
which enters, but will allow the air to pass on. This 
illustrates the use of the bag for holding the dirt in the 
pump cleaners. In the fan cleaners, however, the dirt 
fl.rid air are blown into the bag. The dirt is held here by 
the tight, close mesh of the cloth, but the air passes out 
into the room again after being filtered through the cloth. 

Why Is Oxygen Important? In the last problem we 
saw that the air is a naixture of gases and that nitrogen 

forms by far its 
greatest bulk. We 
have ah-eady seen 
that oxygen makes a 
fire burn, and that it 
sustains life because 
it allows us to oxidize 
food substances in 
the body, thus re- 
leasing energy. For- 
tunately for us it is 
diluted in the air, for 
otherwise fires would 
bemuchmore danger- 
ous. You may have 
seen an oxyacetylene 
torch which is used 
for welding metals. In an atmosphere of pure oxygen, 
metals would burn and fire would be uncontrolled. We 
know that workers in compressed air under water are 
“pepped up ” by the extra oxygen that is given them when 
the air is put under pressure. We know that oxygen is 



Galloway 

Usine an oxyacetylene torch. Why ore the eyee 
of the worker protected 7 
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sometimes given to sick people in order to keep thfem 
alive, and in many other ways it is a servant of man. 

Is Carbon Dioxide Harmful? We have seen that car- 
bon dioxide is a gas that is formed when substances burn. 

In an experiment in which a candle was burned in a closed 
jar, we found the candle went out, leaving a colorless and 
odorless gas, heavier than air, which turned limewater 
milky. Carbon dioxide is not as poisonous as was once 
believed. Experiments made under school conditions 
show that students can work in an atmosphere containing 
at least ten times as much carbon dioxide as in ordinary 
air without any apparent ill efiects, and in an experiment 
performed in England a few years ago, not only was the 
carbon dioxide increased to 4 per cent, but the oxygen 
of the air was cut down from 20 per cent to 17 per cent 
and yet the students suffered no discomforts. 

Dangers from Carbon Monoxide. We should not 
confuse the poisonous gas, carbon monoxide, with carbon 
dioxide, which is harmless to health. Carbon monoxide 
forms as a result of incomplete combustion and is found 
in gases given off from the automobile when you cut off 
the air by using the choke. It is also made in abundance 
when coal is put on a fire and the draft is closed. If the 
damper on the stove pipe of a coal range is closed too 
soon after putting on coal, smoke highly charged with 
carbon monoxide escapes into the room. This produces a 
serious danger because less than 1 per cent of carbon 
monoxide in air will cause death. 

Other Sources of Impure Air. Sometimes open drains, 
vents from cesspools, and improperly installed drainage 
pipes allow sewer gas to enter the house. A leak in the 
gas pipe adds carbon monoxide to the air. Gas discharged 
by chemical plants, by various trades and industries, is 
often carried considerable distances by the winds to 
residential districts, where it pollutes the air. 
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Effect of Humidity. Have you ever sat in a school 
assembly on a hot day and felt the room seemingly get 
hotter and hotter until by the end of the period it seemed 



fixplaia. why you ore so UAConiforCablc i& a closed room without any air movingi 

almost too hot to bear ? Yet if you could have watched 
the thermometer in the room, you would have been sur- 
prised to find that it was little if any higher than at the 
beginning of the period. How can we explain this sense 
of discomfort ? We have learned that there is always some 
water vapor in the air and that this varies greatly depend- 
ing on where we are. Some areas, like the desert, have 
very low humidity, while others, especially cities located 
along our eastern seaboard, have relatively high humidity. 
To come back to the assembly period. As the young 
people sat in the room, water vapor was passed off in the 
breath, thus raising the humidity. At the same time 
moisture was passing off from their bodies in perspiration 
so that after a short time each one became surrounded with 
a layer of moist, warm air. This layer prevented further 
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evaporation of perspiration, and so they became more and 
more uncomfortable. 

Air Conditions Favorable for Health. You have also 
experienced the relief that came when the electric fan was 
turned on in a hot room. Why is this? Simply that when 
the air is set in motion by the fan, it carries off heat from 
our bodies by promoting evaporation. A few years ago a 
commission to study the problem of proper ventilation was 
appointed by the Governor of the State of New York. 
This commission was at work from 1912 to 1929 and found 
out a number of important scientific facts which can be 
applied to the ventilation of buildings. Ainong these are 
that body odors and unpleasant odors, though not danger- 
ous to health, do keep people from being comfortable in a 
room, that too little humidity is dangerous for health just 
as too much humidity makes one uncomfortable, that 
temperatures over 68“ with little humidity and little move- 
ment of air are bad for health, and that the best conditions 
for active work are a temperature of about 66° with a 
relative humidity of 50 per cent and some movement of air. 

In the home, especially if we are sitting reading or study- 
ing, a temperature of 68° with a humidity of 50 will be 
more comfortable. Older people, or those who are not 
strong, may need a slightly higher temperature. 

Demonstration 3. WTiat Are the Principles Involved in V entilation ? 

Materida. A ventilation box. This is to be about 20 inches tall, 

2 feet long, and 4 inches thick, having one of its large surfaces of 
glass. Either the front or back should be grooved to facilitate 
opening. A Hln.Tit.in ( r shelf one inch wide runs from one lower corner 
nearly to the opposite upper corner. One-inch holes are boi'ed in 
the sides as suggested by the letters A to D in the diagram. Corks 
are used to close these holes. Three small candles are placed - 
on the diagonal shelf equally spaced so that they are at different 
levels. 

Method and Besdta. (1) Light the three candles. Close aU the 
openings. Which candle goes out first? Explain "why. ^ (2) Light 
the candles, Open holes S and 0, Test currents of air by hold- 
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Ing a smoking joss stick ot rolled paper at the openings. Result? 
(3) Repeat, using holes A and D open. (4) Repeat, using D and 
C open. (5) Repeat, using A and B open. 

Conclusions. What facta 
about circulation of air are 
shown by the demonstration? 
What facts about changes in 
air are due to burning sub. 
stances ? What facts are in- 
dicated which will be helpful 
in planning circulation of air 
in our homes? What condi- 
tions found in the experiment 
are not duplicated in a room 
where we wish to apply the 
principles of ventilation? In 
what particulars can we apply the .results found here to ventila- 
tion of rooms where people are congregated? 

Reason for Ventilation. The best reason for ventilation, 
therefore, is that the movement of air removes the excess 
heat from our bodies. It is a good thing to get the 
body used to moving air 
provided that air is not 
cold enough to chill. We 
also want to get rid of 
"crowd” odors and some- 
times the excess moisture 
that passes off from their 
bodies. On the other hand, 
in bedrooms at home ven- 
tilation is used for another 
purpose. Here we wish to 
sleep under air conditions 
as nearly like outdoors as 
possible. So we open our 

windows, top and bottom, Anyone living in a house can have a 
at night, taking care not to 

, ,, , 1 n, ,1 placed? What value has a sleeping 

have a direct draft on the porch? 
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bed. For those who can manage it, a sleeping porch is 
the ideal condition because one can undress and dress in 
a warm room and sleep in a cold, airy one. 

SELF-TESTING EXERCISE 

Select from the following list the words which best fill the blank 
snaces in the senterxes below and arrange them in proper numerical 
order- -d word may be used more than once. 

Bunligtt 
vacuum 

17 

humidity 
top 
one 


two 

dangerous 

monoxide 

dust 

humid 

evaporation 

dustlesB 

dry 

stagnant 

30 

heat 

organisms 

4 

cold 

health 

bottom 

unpleasant 

cleaning 

free from (1) — 

and harmful (2)_ 

Dustless 

_ /w\ 


( 3 ^ Jis important for our (4) For this reason the (5) 

cleaner is desirable. An increase of carbon dioxide up to (6) 

par cent and a decrease in oxygen down to about (7)—— per cent 

do not bring discomfort, but excessive (8) and (9)_ — are 

very oppressive. On the other hand, (10) per cent of carbon 

mi may cause death. Movement of the air helps to remove 

Q2) and (13) air and promotes (14) of perspiration. 

Natural ventilation is best secured in a bedroom by opening -mn- 

dows (15) and (16) Body odors may be (17) but 

they are not (18) to health. 

ESSAY TEST 

Edith Discusses FavIobadle Am Conditions 

Read carefully and critically. List all the errors and suggest 
corrections. 

There are very delicate tissues in our lungs, which are adapted 
only for exchange of gases. When solids, as sand particles, soot, 
plant pollens, and other forms of dust, enter the lungs, they gen- 
erally produce irritation. There may be bacteria upon the dust 
particles but since they are only soft plant structures, they are 
never harmful. The best way to clean in the ho^use is to remove 
the (lust from tables and furniture with a feather duster and a little 
later, when the dust has settled on the floor, to remove it with a 
vacuum cleaner. Since carbon dioxide is not a poison, there m n 
need of ventilation in the daytime. At night it is well to have 
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circulation of air in the room from a window opened at ton n a 
bottom. In winter it is usually desirable to dry the outdoor • 
before sending it into the rooms because damp air feels chilly. 

PROBLEM HI. WHAT IS MEANT BY “AIR 
CONDITIONING ” ? 

We know that ideal conditions of air can be had but 
they do not always exist. We may, for example, have 
a hot humid day in summer so that the indoor tempera- 
ture rises many degrees above the "best” temperature of 
68°. We also know that the humidity of the air mav 
differ greatly. In winter in an overheated room there 
may be as little water vapor as in the air on the Mojave 
desert, or the early morning temperature of the house 
may be down far too low for comfort and health. At 
times the air of the room may have much dust, containing 

many bacteria. All 
of these things are 
likely to happen and 
sometimes several of 
them happen at 
once. 

What Is Meant by 
Relative Humidity? 
Girls know that 
clothes on the line 
dry quickly on some 
days and slowly on 
others, depending 
not so much on the 
temperature as on 
the moisture con- 
tent of the air. At 
Wetaad dry bulb ^gromster. What purpose does ^ g^Ven temperature 
thislnetrument serve? there is a limit tO 
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the amount of moisture the can hold. When it holds 
all it can, it is said to be saturated. Saturated air is 100 
per cent humid. If the air holds half enough water vapor 
to saturate it, it has a relative humidity of 50 per cent, 
usually expressed by just the number 50. It is thus seen 
that relative humidity is the per cent of saturation of the 
air. Clothes will not dry at all in air with a relative hu- 
midity, of 100, but will dry at any lower humidity. This 
principle of evaporation of water into unsaturated air is 
made use of in measuring the relative humidity of the air. 

Humidity and Health. Gold winter air that comes 
into the house holds far less moisture than the warm 
summer air. Heating the cold air increases its capacity 
to hold moisture, but does not add moisture. Conse- 
quently, heating reduces the relative humidity. When 
the relative humidity is low, say below 40, evaporation 
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Wliy are raaplrator; diseases so much more prevalent in February than in July 7 

from the skin is very rapid and takes so much heat from 
the body that one feels chilly. If the temperature is 
raised until one feels comfortably warm, the capacity of 
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the air to hold moisture is raised again and makes the 
relative humidity still lower, thus increasing evaporation 
from the skin and air passages. In the winter, with 



Caa you give a scientific reason why the air at the top of the room Is so much hotter 
than air near the surface of the floor? 

doors and windows shut and the air fairly dry to begin 
with, furnace heat soon greatly reduces the humidity of 
the air. As the humidity gets less, we notice the cold 
more because water evaporates from our skin more 
rapidly in dry air. Consequently we raise the tem- 
perature far too high, and when we leave the room, we 
get chilled from a draft and take cold. Very hot dry air 
causes the mucous membranes of the nose and throat to 
become irritated. This irritation causes roughness and 
swelling in the tissues, thus giving “cold” germs an 
opportunity to multiply there. The graph on page 79 
shows how close the relation is between respiratory diseases 
and the use of our artificially heated houses. Much of this 
sickness cduld be avoided by properly humidifying the air. 

Air Conditioning in the House. Two serious faults with 
many of our heating plants are that they fail to give even 
distribution of heat and proper humidity. In many 
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homes air in a room may differ as much as 15° in tempera- 
ture between the floor and ceiling. An attempt is some- 
times made to moisten the air by using pans of water 
on the registers or radiators, but without much success. 

At the White House Conference on home building and 
ownership held in 1932, much interest was shown in 
discussions relating to making the air conditions in the 
home more suitable for health and comfort. For many 
years, some movie houses, churches, and auditoriums have 
had machinery installed which not only controls humidity, 
but also washes the impurities from the air and keeps it 
at an ideal temperature. 

Apparatus is now on the market which not only auto- 
matically cleans the air of dust and soot when it begins to 
circulate, but also warms it and adds enough water to 
keep it at a relative hvimidity of about 50,. which seems 
beat for winter. In summer an apparatus may be used 
to clean, cool, and de-humidify the air. 



CarriOT SnoinceTing CoTP, 

An air-conditioning unit. Follow the air from the time it enters at the right until 
It goes Into the duct to be passed over the building. What happens to it 7 
Tt. * W. SOI. n — 7 
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How the Air Is Washed and Cleaned. Air is forced 
by powerful fans in the basement through a filter and 
then is washed in a spray of water. This combined 
filtering and spraying is said to remove 98 per cent of all 
germs and dirt from the air. These sprays not only wash 
the air, but automatically Qontrol its hunoidity, as it 
passes from the unit. If the weather is cold, the air 
is heated and then passes to the rooms at a temperature 
controlled by a thermostat. In hot weather, the air, 
instead of being heated, is cooled by refrigeration equip- 
ment while the constant temperature is again controlled 
by a thermostat. This equipment with various modifica- 
tions illustrates the principle on which air conditioning 
works in large as well as small buildings. 

Home Humidifiers. In the home open-window venti- 
lation wiU, of course, give some humidity to the dry air 
of a furnace-heated house. We also get some water in 
the air from the evaporation which comes from water in 
basins, wash tubs, and bathrooms, as well as from growing 
plants, bowls or dishes of flowers, and home aquaria. But 
this sort of humidity is not always present. Shallow 
trays are made that fit over radiators or in back of them 
which allow for considerable evaporation of water but no 
home device is sufficient to give the amount of water 
(estimated at 6^ gallons a day for a six-room house) 
necessary for the proper circulation of moisture in the 
home. It would seem that some sort of air conditioning 
was necessary. 

. Ventilation of the School Plant. The problem of 
heating a public building is not as simple as that of 
heating our home. Not only do we have a large building 
to heat, but there are rooms used for so many different 
piuposes, classrooms, library, assembly hall, study hall, 
laboratories, and the shops and gymnasium. In addition 
we have large numbers of pupils in some of the rooms, 
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and in other rooms, like the chemical laboratory and the 
shops, fumes and bad odors must be removed by proper 
ventilation. Since schools are generally closed during 



A complete alr'COndltloning unit In a public building. In this the air is waehed, 
bumidified, heated, and driven out into the building by means of a fan. 

the hot season, we ai'e not likely to .find an air-cooling 
S 3 ^tem installed for some time to come, but there is no 
good reason why the air should not be washed, humidified, 
and properly heated. 

Artificial and Mechanical Heating and Ven tilatin g 
Systems. In large buildings the heating and ventilating 
systems may be of three different types : (1) an exhaust 
or vacuum system in which air is drawn out of the rooms 
by means of fans after it has been heated and used ; 
(2) the plenum system, in which heated air is forced into 
the rooms by fans ; and (3) a combination system, which 
forces heated air into the room and draws used air out. 
In such systems indirect heating is usually used. The air 
comes in from the outside, passes over coils of steam pipes, 
and is passed to the rooms above. Most heating and venti- 
lating systems for schools are still built to conform with an 
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idea now exploded, that enough air must be supplied to 
give each pupil 30 cubic feet of fyesh air every minute. 
This was based on the belief that carbon dioxide was a 
poisonous gas that must be gotten rid of at all costs. 
Unfortunately, in heating systems just described, windows 
miist be kept closed and no matter how hot the classroom 
gets, teachers must not open the window “because it 
interferes with the working of the heating system.” 

Recent Experiments in Heating and Ventilation. 
A large number of recent experiments made in schools 
have compared the health of pupils in schools having 
closed windows, with artificial ventilation and heating, 
with others having ventilation by fans but with windows 
open. It was found in two groups of children, each 
having over 1500 pupils of about the same age, sex, and 
pai-entage, that the mechanically heated and ventilated 
schools showed almost three times as many absences from 
colds and other diseases of the nose and throat as did the 
window-ventilated schools. 

How Heating Is Accomplished in Window-Ventilated 
Schools. In such schools the best means of heating 
comes from placing radiators under the windows, 



Aiqily these diagrsms to the ventllatloa of your own bedioom. How would you 
prevent a draft there 7 
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protecting them by shielck so that they will not give too 
much heat off to those sitting near them, and by placing 
deflecting boards on the windows (shown on page 84) so 
that drafts are prevented. Air ducts are placed on the 
opposite side of the room from the window and fans pull 
out the used air. Open-window ventilation will not give 
the rooms 30 cubic feet of air per pupil per minute, but 
aa we have already learned, that amount is not needed. 

The Outdoor School. The ideal condition so far as 
ventilation is concerned is an outdoor school. But the 
temperature and weather in most places are so changeable 
that such schools are not widely used. The benefits from 
being out of doors come from sunlight as well as fresh air. 
In California during much of the year, the climate is so 
mild that many school buildings have rooms open on one 
side so that the effect is that of being in the open air, 
Children attending such schools are usually more free 
from colds than those in other schools. 

SELF-TESTING EXERICSE 


Select from the following list of words those which best fill the blank 
spaces in the sentences below and arrange them in numerical order. 
The same word may be used more than once. 


less 

proved 

ideal 

happy 

uniform 

home 

30 

moisture 

temperature 

surmised 

minute 

98.6 

slowly 

colder 

more 

school 

rapidly 

warmer 

hour 

heat 

dust 

adds 

comfortable 

rain 

IS 

removes 

evaporates 

little 

The drier the 

air, the (1) 

_ it must be kept in order to make 


us feel (2) This is because (3) (4) more (5) in 

dry air and so (6) heat. In air conditioning not only is (7) 

removed from the air, but the (8) and (9) are carefully 

regulated so as to maintain (10) conditions. It was formerly 

believed that every (11) room must be supplied with (12) 

cubic feet of air per pupil per (13) It has recently been 

(14) that that is (15) than is necessary. 
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ESSAY TEST 

Eobebt Tells How Air Is Conditioned 

Bead carefully and critically. List dll the errors and sugge& 
corrections. 

By air conditioning is meant changing the condition of air to 
one more favorable to man. This involves five possible changes. 
At times it needs to be warmed, and at other times it should be 
cooled. In the winter it generally needs to bo dried, and often in 
the summer to be moistened. It often can be improved by filter- 
ing it to remove dust and carbon dioxide. With a high humidity 
a lower temperature is comfortable. Cold humid air about 45° F. is 
about as uncomfortable as hot humid air about 96° F. Evapora- 
tion of moisture from the skin is increased by a rise in both tem- 
perature and humidity. A spray of water is sometimes sent into 
a current of heated air which is sent through the ducts to the rooms 
of a house in order to increase the humidity of the air. A refrig- 
crating unit in cooling moist air lowers its humidity. 




THE REVIEW SUMMARY 

In preparing a summary of what you have found out in this 
unit, you will want to place emphasis on the big ideas which have 
come from the applications of the facts you have learned and the 
demonstrations you have seen. Doubtless you have done some 
additional reading which has helped you put together some of the 
facts into generalizations or fundamental underlying principles. 
For this unit some of these generalizations are : 

1. We breathe to secure oxygen to oxidize food and produce 
energy for the body. 

2. -Our air passages will remove a limited amount of impurities 
from the air ; we must guard against excessive impurities and 
poisonous gases. 

3. The amount of air required by law to be circulated through 
schoolrooms is in many oases greater than is necessary from a 
physiological standpoint. 

4. Devices are now available for conditioning the air in the 
home. 

Before making your review summary for your workbook, test 
^ your knowledge of the facts of the unit by ohecking over the text so 
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to be sure you know the facts underlying the ecienoe principles 
M generalizations. Then using this material and everything you 
. ® jgadi seen, or done yourself, make your summary outline. 
This outline you may use when you make a recitation. 

TEST ON FUNDAMENTAL CONCEPTS 

In a vertical column under the heading corkect tarite the numbers 
of all statements you belieae are true. In another column under in- 
cobrbct ivTite the numbers of the false statements. Your grade = 
right answers X SJ-. 

I Exhaled air differs from inhaled air in having: (1) less 
oxygen; (2) less nitrogen ; (3) less heat ; (4) more carbon dioxide ; 

(5) more water. 

II. Some of the oxygen taken into the lungs m breathing: 

(6) is transported to the body cells ; (7) changes the blood from 
red to blue ; (8) is quickly exhaled ; (9) becomes a part of carbon 
dioxide; (10) pushes the blood along. 

III. The air passages keep objectionable matter from the lungs 
in the following ways: (11) moist surfaces catch the dust; 

(12) moving cilia expel foreign material from the air passages; 

(13) the large nasal cavity allows the air to rest and the dust th 
settle ; (14) in the back of the throat the air is filtered ; (15) in 
the larnyx there is a narrow slit through which only pure air can 
pass. 

IV. It is dangerous oven for- half a nunute to breathe pure : 
(10) oxygen; (17) carbon dioxide; (18) nitrogen; (19) carbon 
monoxide ; (20) moist air. 

V. Frequently the air in the schoolroom may be improved by : 
(21) opening windows; (22) increasing the carbon dioxide; 
(23) adding moisture to the air in winter ; (24) increasing the 
humidity in summer when the relative humidity is only 70 ; 
(2S) moving the air with an electric fan. 

VI. A modem air-conditioning plant will do these things to the 
air when desired : (26) remove dust and germs ; (27) add moisture ; 
(28) remove moisture; (29) heat the air ; (30) cool the air. 

PRACTICAL PROBLEMS 

1. What is a good way to increase your lung capacity ? 

2. Mary tViinVa that heat, carbon dioxide, and moisture are 
given off in breathing. How can she prove this? 

3. With the heating equipment now installed in your home, 
how can you best increase the humidity of the air in your room in 
winter? 
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4. Tou come from an air-oonditioned building -where the tem- 
perature is 68“ P. and the humidity is 66 out upon the street -where 
the air is 95” F. and the humidity is 85. Explain the changes in 
physiological conditions of the body that result. 


mTERESTING THINGS TO DO, HEAD ABOUT, OR SEE 

1. Collect literature on air conditioning from manufacturers 
of equipment. Study this to learn the advantages each offers. 

2. Tisit the school heating and ventilating plant. 

3. Breathing at high altitudes. 

4. Read Dual and Its Dangers, by Prudden. 

5. How I secure pure air in my bedroom. 

SCIENCE FOR LEISURE TIME 

1. Does Exeeoise Change Youb Pboduction op Cabbon 
Dioxide? 

Fill two one-liter flasks half full of clear limewater. 

Test 1. After sitting quietly for five minutes, take a deep breath 
and exhale all you can through a glass tube so that your breath 
bubbles through the limewater. Cork the bottle and shake it. 

Test 2. Exercise -pigorously for five minutes, running upstairs 
and down, jumping, or exercising with dumbbells. Then quickly 
take a deep breath and blow through the other flask of limewater 
as before. Cork and shake the bottle. 

Shake both flasks and compare the density of the white precipi- 
tate. The whiter the liquid, the more carbon dioxide. Do not 
use more than one breath because an excess of carbon dioxide will 
dissolve the white precipitate and make the milkinesB less dense. 

2. Make a BoosiiEO! op Clippings about Ais Conditioning. 
Section 1. Clippings of articles. 

Section 2. Notes you have taken on articles you have read but 
could not dip. 

Section 3. Advantages of air conditioning. 

3. Sub-vet op Souboes op Impubb Am. 

Study your neighborhood. Note chimneys. How many give 
out black smoke at times? Are there barren, sand areas where 
vdnds pick up soil particles ? Are there grass and weeds that may 
&ve out poUehs? Note especially if ragweed is plentiful, since 
that w one of the worst offenders in causing hay fever. Are the 
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streets clean? Are there factories or other places which produce 
offensive odors? Is there relatively much or little sickness in the 
neighborhood ? Draw a conclusion based upon facts discovered 
regarding the purity of air in the neighborhood. 

SCIENCE CLUB ACTIVITIES 


1. Lung-Capacity Contest. 

Procure a one-gallon jug, four feet of large rubber tubing, twelve 
large glass tubes two inches long for mouthpieces, a six- or eight- 
quart pan, and hydrogen peroxide. 

See who can displace the most water from the jug with a single 
breath. The normal lung capacity of an adult is about one gallon. 
Use the hydrogen peroxide to sterilize the mouthpieces after use. 

2. Analysis of Rebpibed Aie. 


A; 



1aU.es of 
CaMboop^ 


claim 


A bottle (8 oz.) is filled with the exhaled breath by blowing the 
breath through a large glass tube, into the bottle, keeping the 
mouth of the bottle closed around the 
tube with the hand or with a piece of 
cardboard. Take a deep breath and 
exhale through the tube, drawing the 
tube slowly out of the bottle. 

The stopper has a short glass tube 
running through it and joined to it on 
the outside is a rubber tube and clamp 
to close it. Close the bottle immedi- 
ately after filling with the air from the 
lungs to be tested, 
a. Carbon Dioxide Test. 

A solution of sodium hydroxide will 
combine with the carbon dioxide and 
remove it from the air. Have 25 co. of 10 per cent sodium 
hydroxide ready. Open the cork slightly and as quickly as pos- 
sible pour all the sodium hydroxide 
solution in. Close the stopper 
tightly. Shake vigorously at first 
and repeat shaking occasionally for a 
period of five minutes. Then invert 
and tip the mouth of the bottle into 
a jar of water. Open the clamp. 
Raise or lower the bottle until the 
water in the jar and the liquid inside 
the bottle are at the same leveL 
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Close the clamp and remove the bottle.' Open. Pour the liquid 
into a graduate and measure it. Measure the total content of the 
bottle up to the under side of the stopper. Make a table to 
record your figures. 

Then calculate the volume of water which came into the bottle 
to replace the carbon dioxide removed by the sodium hydroxide. 
Calculate the per cent of carbon dioxide in this sample of respired 
air. Take into account the 25 oc. of solution added. 

b. Oxygen Test. 

The method of determining oxygen is like that for carbon dioxide 
except that pyrogallie acid is used to absorb the oxygen. Mix 25 

cc. 10 per cent solution of pyro- 
gallio acid with 25 cc. 10 per 
cent solution sodium hydroxide 
and add this mixture to the 
respired air. The carbon di- 
oxide will be absorbed as before, 
but in addition the oxygen will 
be absorbed. In this case the 
water that comes in will repre- 
sent what two volumes ? Work 
out your own system of tabulation and method of calculating the 
per cent of oxygen in respired air. Records. Calculations. 
Results. Conclusion. 

c. Crude Nitrogen. 

The remainder of the air is chiefly nitrogen. But the other 
constituents of air including water vapor are of course mixed with 
it. What is the per cent of this crude nitrogen 7 

3. Make a survey of building in your community and have a 
meeting devoted to a description of different kinds of ventilation 
observed in different buildings. Especially note buildings that have 
air-conditioning units. Make a chart or map for exhibition purposes 
showing the kind of ventilation systems found in (a) factories, (J) 
auditoriums, (c) churches, (d) schools, (e) other public buildings. 

4. Plan a demonstration to be put on before the science class 
showing the best methods of cleaning a room : Use feather duster, 
dry broom, damp broom, carpet sweeper, vacuum cleaner, moist cloth. 
Test your results with a series of sterile Petri dishes containing culture 
media. Have an exhibit showing 3rour results. 
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Sl'ItVLV QL-UrTIONS 

Can you explain the cause of a 
spring? a well? a river? a lake 7 

How can pure water be supplied to 
a city? 

How can a water supply be pro- 
tected ? 

Why does the water pressure vary 
in our houses? 

How does water help In the removal 
of wastes ? 

Do you know wha^ a septic tank is 
and how it works ? 

Do you know how large cities get 
rid of their sewage 7 
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UNIT IV 


A CITIZEN’S NEED OF WATER 

PRMIEW 

Water has always been a chief need of manlcind. 
The earliest men must have established their rude shel- 
ters close to a source of fresh water. We have every 
reason to believe that in the cities of ancient civilizations, 
water was one of the chief factors which decided their 
location. The Greeks and Romans went to great trouble 
and expense to get good water, building long aqueducts 
to bring it to their cities. As discoverers and pioneers 
pressed on to found new settlements, these were always 
made close to streams of pure water. 

When the Pilgrims landed near the site of Plymouth, 
they looked for a suitable place to settle. An old journal 
tells us that Captain Miles Standish and his party 
"marched into ye land and found there cornfields and 
little running brooks, a place fit for a situation" ; and so, 
with little running brooks for their first water supply, 
they founded their first community. In our early com- 
munities people used to get their water from shallow wells 
which were not always sufficient for the needs of the town. 
In the early days of New Amsterdam, fresh water was 
peddled from home to home, because the well water in 
lower Manhattan was neither good nor plentiful. 

As more and more people came to live together and 
towns became larger, it became necessary for homes to be 
supplied with water that was not spoiled by filth from the 
homes of nei^bors, so water systems and sewerage 
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systems came into being. Then, with the development 
of machines and factories, still new ways of using water 
came and a larger supply was necessary. Water waa 
needed to make steam to run engines, to make chemicals, 
to wash fabrics, to use in hundreds of ways. Think 
of it, in early times a gallon a day for a person was 
considered a large amount, while now 150 gallons a day 
per person is the allowance for New York City. Water 
makes possible the trees in our parks and yards and the 
plants in our gardens. Water has long been used as a 
useful agent in fighting fire. 

The story of obtaining and protecting a modern city 
water supply is an interesting one. Cities nowadays 
build aqueducts ten times the length of those built by 
Romans, as we see in the Los Angeles aqueduct, which 



BTOian Bros, 

Th® Lob Angeles aqueduct crosses deserts, tunnels mountains, goes under 
deep cenyeas by mease of inverted siphons. 
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A tunnel IS miles in length is being constructed under San Jacinto Mountain as a 
part of the new Colorado Slver aqueduct in southern California. 


brings water 250 miles from the Owens Valley to the city, 
and is even now being extended to take supplies many 
Tuilfis farther away. Mountains are tunneled, rivers are 
crossed by great inverted siphons, such as the one under 
the Hudson River. Huge dams hundreds of feet in length 
form great artificial lakes, such as that at Ashokan in New 
York or the great Hetch-Hetchy Lake from which San 
Francisco gets its water supply. Southern California’s 
need for water is so great that it will soon be carried over 
deserts and through mountains, 241 miles from the Colo- 
rado River to the terminal reservoir near Los Angeles. In 
this project there are 84 miles of tunnels 16 feet in diam- 
eter, one of which, the San Jacinto tunnel, pierces a 
mountain nearly 11,000 feet in height for a distance of 13 
miles ; and another will form an almost continuous tunnel 
33 miles long, Tnaking one of the longest tunnels in the 
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world. Cities have ' come to use immense amounts of 
water, over 180 gallons a day per person being no unusual 
allowance for some large cities. This does not mean that 
each person uses that much water, but it does mean that 
the city uses this amount in putting out fires, cleaning 
the streets, running the factories, and in a hundred other 
ways for its daily work. This unit will help us understand 
the way in which modern cities and towns get their water 
supply and use it in their homes. Before beginning 
your serious study of this unit you should see how much 
you remember about water, that you learned in a similar 
unit in your science course last year. You want to build 
on a firm foundation of facts and principles. You cannot 
do this unless you recall the essentials, which ai’e the 
following : 

Science Peinciplbs 

1. Water is found in these states — solid, liquid, and 
gas — and produces many important changes on the earth. 

2. Water is a chemical compound which can be sepa- 
rated into two elements, hydrogen and oxygen. 

3. The natural changes of water on the earth — to 
vapor, clouds, rain, and back to water — make up the 
water cycle. 

4. Many living things are adapted for Hfe in the water. 

5. Living things cannot exist long without water. 

PROBLEM I. WHAT ARE THE SOURCES OF WATER? 

Water Is Everywhere about Us. Water is found almost 
everywhere in nature. If you bore into the ground, you 
sooner or later come to water. In the air you find it as 
vapor, and on humid days the air is almost saturated with 
it. You find it as fog, in clouds, as rain, as ice, as hail, 
dew, and frost. It bubbles out of hot springs, or gushes 
forth as geysers in the Yellowstone. It runs out in the 
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fonn of cold springs or as artesian wells in some parts of 
the country. You have already seen that it makes up a 
large part of plants and animals. It is not hard to find 
water in nature. 

Rain Water Is Pure. The purest natoal water is ram 
water as it falls from the clouds. In many parts of the 
world such as Bermuda, people use rain water, as they 
have no other source. The best way to collect such water 
is to have the water falling on the roofs run into cisterns 
underground. The first water during a rain should be 
diverted from the cistern so that dust and impurities on 
the roof may run off. 

jjround Water and Where It Comes From. We aU 
know that after a rain much of the water runs off and 
finds its way, into streams. Some of it evaporates into 
the air but a good deal finds its way down between the 
tiny grains of soil until it comes to a solid layer of imper- 
vious material through which it cannot soak. This may 
be a layer of clay, hardpan, or bed rock. Above this 
layer is formed a sheet of water-soaked soil through which 
the water flows slowly, following the general level of the 
impervious layer. If this layer tilts upward, then the 



Poiat out the upper limit of underground water. What ia it called? Wl^ would 
we'have a well at one point and an artesian well at anotliei place r 
H. & W. SCI. II— 8 
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t 

underground stream will make a sort of pool. The 
surface of water in the ground is called the water table. 
All the water from below the earth’s surface is called 
ground water, and is the source of our water in wells, 
springs, and artesian weUs. 

Springs and Wells. It is evident that when we dig a 
shallow well, we go down below the surface of the saturated 
zone of water. If the saturated zone reaches the surface 
of the ground, it may make a running spring, especially 
if on a side hill. But if on a level stretch of ground, it 
TYifl.kpa a swamp. On hillsides in the country you fre- 
quently see spring houses which protect the water supply 
for the homes below. , 

When water enters porous ground at a high level 
between two layers of impervious material, it will travel 
long distances between them. If we bore through the 
upper impervious layer into the underground water at a 
level much below its origin, the water will shoot out under 



National Parh Scnic^ 

What ore the differences between geysers and artesian wells? 
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ressure into the air. This is called an artesian well. 
Underground waters frequently contain mineral matter 
which they have dissolved from the soil through which 
they have passed. The world-famous springs at Saratoga 
or Vichy in France are of this nature. 

What Is Impure Water? We usually consider water 
pure unless it contains something that is injurious to 
Lalth. Ordinary dirt or mud found in water will not 
cause unless there is decaying organic matter in it. 
Wherever we find decay, we find germs which cause this 
decay, so impure water, from a health standpoint, is 
water containing germs. When we reahze that germs of 
different kinds exist in the food tube of our body, and that 
the wastes which are passed off are full of germs, then it is 
evident that water which contains sewage is impure. 
Any water drawn from the surface of the land would be 
more likely to contain such wastes, and hence would be 
more dangerous than water coming from underground. 

Safe Wells and Deadly Ones. Many of us who have 
visited the country on our vacations remember with pleas- 
ure the cold water from the deep well or hillside springs 
near the farmhouse. 

Look at the picture 
and see how a spring 
may be polluted by a 
cesspool. We have 
all doubtless seen 
places where the well 
water might be a 
source of danger, for 
all the wastes from 
the house sinks, from 
the barnyard, and 

from the privy or spring located Uke this one is deadly. Are 
cesspool might soak there any sueU in your locality? 
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into the well and render it impure. Could you really 
determine a safe place for a well without knowing some- 
thing of the rock and soil under the house and grounds? 
Drainage from the soil may mean that impurities reach 
the well. We must also protect the well from surface 
drainage. A concrete parapet which slopes away from 
the opening of the well will protect the water in the 
well. If one is uncertain as to the purity of the water, a 
sample can be sent to the town or state bacteriologist, 
to determine whether the water is safe to drink. This 
should he done in any case where you suspect that the 
water is not pure. A driven well on a slight elevation, 
when the pipe is driven deep into the soil and situated at 
least 100 feet from a cesspool or barnyard, will, in ordinary 
sandy soil, give pure water. This makes a particularly 
safe well. 



CoUTlesu Matson-Ocean Line 

What is the sotirce of this glacier? How do you account for the black lines on 
each Bide of the ice sheet 7 What will you find at the foot of the glacier ? 



WHAT AEE THE SOURCES OF WATER? 101 


Glaciers as a Source of Water. Have you ever been 
on a glacier? If so, you will never forget the experience 
of climbing out on this great alow-flowing river of ice. 
At its foot you saw a great moss of ground-up rock which 
it had brought down from higher up on the mountain, 
and if you found the lowest point under the glacier, you 
saw a stream of water rushing out bearing with it a great 
quantity of tiny ground-up particles of rock and soil which 
gave it a muddy appearance. Glaciers are the sources 
of many rivers. In some parts of the world, for example 
in the areas surrounding the poles, such as Greenland, 
we find great caps of solid ice covering the land to a 
great depth. It is estimated that 1,000,000,000 tons of 
ice pass off or slide down from the ice cap covering Green- 
land each year. This ice breaks off from the foot of the 
glacier to become icebergs which gradually melt as they 
flow southward, thus releasing water which is evaporated 
in the warmer regions. 

Water in Rivers, Lakes, and Oceans. The waters from 
springs, from glaciers, and especially from surface run-off 
tnalfP. their way down hill into depressions where rivers, 
ponds, and lakes are formed. Eventually water from 
these bodies finds its way into the ocean. Rivers, ponds, 
and lakes are all sources of public water supplies. The 
ocean water, because of its salt content, cannot be used for 
this purpose unless it is distilled. 


SELF-TESTING EXERCISE 


SeZecJ from the following list those words which best fill the blank 
spaces in the sentences below and arrange them in proper numerical 
order. A word may be used more than once. 


rooks 

ground 

quartz 

roots 

evaporation 

saturation 


vaporized 

evaporates 

air 

clouds 

porous 

table 


rain 

lake 

soaks 

swamp 

impervious 

water 


surface 

streams 

spring 

spaces 

well 

saturated 
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The purest natural water is (1) water. When rain falls to 

the earth some of it (2) going back into the (3) ; some of 

it runs off into the (4) and lakes and a very large part of it 

( 5 ) into the (6) Water in the soil will eventually reach 

a layer of (7) material and then will fill the (8) between 

the soil particles above it. This produces a (9) zone whose 

surface is called the (10) (11) A (12) is formed by 

digging down below the water table. A (13) is formed when 

the water table reaches the surface of the ground on a hillside and 

a (14) results when this occurs on level ground. In order to 

have conditions to produce an artesian well there must be two 

(15) layers with (16) soil between and this layer must at 

some place come to .the (17) where (18) can enter it. 

ESSAY TEST 

Ada Tells Us We All Dsink Rain Water 

Read carefully and critically. List all the errors and suggest 
corrections. 

You have all read that the people in Bermuda drink rain water, 
but I shall try to prove to you that you drink rain water, too. 
Your city supply may come from a lake, a pond, or a river. What 
are these bodies of water? They are only storage reservoirs for 
the rain which falls into them. A pond or lake may have a river 
outlet or a river may run into a lake or pond, but whichever way 
it is the water all fell directly from the clouds into these bodies 
of water. If you get your water from a spring or a well, you are 
still drinking rain water. The earth is a natural filter and removes 
the many impurities the rain gets while passing through the air. 
San^ does not dissolve in water, as you can see when waves wash 
up on the shore, and so the filtered rain water in wells and springs 
does not have anything in it that is not rain water. This is why 
well and spring waters are so pure. 

PROBLEM II. HOW DO WE GET WATER INTO OUR 

HOMES? 

If you live in the city, the problem of getting water into 
your home is not a difficult one for you. All you have to 
do is turn on a faucet and the water comes out. But 
have you ever thought how that water got into your home ? 
Sometimes the source of the water is very many milRs 
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distant from your home and it may have traveled from 
its source far up in the mountains through pipes into 
storage reservoirs, there to remain until other pipes deliver 
it to our homes. Or it may pass into standpipes so that 
it may flow, under pressure, downhill into our homes. 
But if you live in the country, in many instances it becomes 
necessary to pump the water from a lower source up into 
the house. Let us see how this is done. 

Demonstration 1. To See if Atmospheric Pressure Can Lift Water. 

Maietiah. U-tube, solid stopper, a piston made by fitting a 
Bpike tightly into a rubber stopper, glass tube, and a vessel of water. 

Method, (a) Pill the U-tube with water. Push piston three 
quarters of the way down one aide of the tube. Place the stopper 
in the other end . PuU 
the piston to the top 
of the tube. (J) Re- 
peat (o) but leave the 
end of the U-tube 
open, (c) Place one 
end of a straight tube 
in a jar of water. 

Suck the air out from 
the open end. 

Obeeniaiions, What 
happens in (a) and (6) ? What force is allowed to act in (6) but 
not in (o) 7 Does water rise in the straight tube before you suck 
through it? 

Co^usion. Give all the reasons you can to prove that atmos- 
pheric pressure Hfts water. 

How the Lift Pump Works. We have already seen 
that air exerts pressure. Let us now apply this principle 
of air pressure to the lift pump. The tube of the lift 
pump extends down into the well or cistern. The upper 
part (see diagram) has a piston containing a valve (d.). 
Another valve (B) is placed at the top of the tube just 
where it enters the barrel of the pump. Both of these 
valves are hinged and are pushed open by a force from 
below. A force on top- tends to close thejn. When the 
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Explain what ia tokmg place in each of these five diagrama of the lift pump. 


piston is raised, the air pressure is reduced on top of valve 
B so air from, below pushes up through B, and the pressure 
on the water inside the pump is decreased. Water is 
pushed into the tube by air pressing down on the surface 
of the water in the well or cistern. This pressure you 
remember is nearly 15 pounds to the square inch. We 
take a few short rapid strokes and this brings the water 
up so that it fills the space above valve B, and when the 
piston is pushed down into the water, valve A in the 
piston is forced open and water rushes into the space 
above it. On the next upward movement of the piston, 
the water is lifted higher so that it flows out of the pump. 
You may remember that Galileo and Torricelli found that 
a pump would not lift water much more than 33 feet 
because the air pressure will not balance a column of 
water higher than this. As a matter of fact, the lift 
pump will not raise water more than about 28 feet because 
of leaky valves and piston. 

The Force Pump. We know, however, that water can 
be taken out of wells much deeper than 28 feet. This 
may be done by means of a force pump. In this pump a 
piston moves up and down in the barrel of the pump. 
At the lower qnd of the barrel is an inlet valve A and at 




EVANGELISTA TORRICELLI, 1608-1647. 


always associato the name of Torricelli with that of Galileo, 
although the latter was a blind old man when the former was 
just beginning his studies. Torricelli must have been a bright boy 
with much interest in mathematics and we hear of him while still 
a youth studying mathematics under a famous teacher who had 
been a friend and student of Galileo’s. It was probably through his 
teacher that ho went to help the bRnd Galileo prepare his last great 
work for publication. And it was probably because ho had shown 
his great ability in mathematics that Torricelli was appointed as 
Galileo’s successor as professor of philosophy and mathematics in 
the University of Florence. 

While Galileo was still alive ho had noticed that a suction pump 
would only lift water to a height of about 34 feet, and he mtist have 
put Torricelli at work trying to see why this was. They decided that 
the water was held to this height by air pressure. Eventually, he 
and his assistant named Vivian got the idea of using a denser sub- 
stance than water and experimented with mercury. They found 
that air would support a column of mercury about 30 inches high. 
Out of this experiment came our useful Instrument, the barometer. 
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SxpUln how this pump Is capable of 
deliyeii^ water to a height of more 
than 28 feet. 


the side an outlet value B, 
{See diagram.) Connected 
with the pipe leading from 
the outlet pipe is an aii 
dome C in which the water 
may compress air. If there 
is no air chamber, the water 
delivered through pipe 2) 
will flow only on the down 
stroke of the piston. But 
when the air dome is used, 
the air compressed in C will 
force the water through B 
on the upstroke of the pis- 
ton also. This makes a 


more uniform flow of water. The force pump can lift 


water to any desired height, 
but the pump must be placed 
so that the valves are not 
over 28 feet above the surface 
of the water. 

The Pneumatic Tank 
System. It is found that 
whenever a confined gas is 
reduced to half its volume, 
its pressure is doubled. 
Therefore in some homes 
where it is necessary to raise 
the water some distance, a 
pneumatic tank is used. 
When such a tank, is three- 
quarters full of water, the air 
is compressed to one quarter 
its original volume, and the 
pressure then becomes four 



A pneumatic tank. Explain how the 
air Is put under pressure and whai 
this compressed air can do. 
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toes that of the atmosphere. Since one atmosphere 
auaJs 15 pounds to the square inch, four atmospheres 
eaual 60 pounds pressure to the square inch. But to 
run from the faucet, water must overcome the push of 
the air or one atmosphere. This reduces the resultant 
pressure to 46 pounds per square inch. If the pressure 
of one atmosphere can hft water 33 feet, how hi^ can 
a pressure of three atmospheres hft water? 


SELF-TESTING EXERCISE 

Sdect from the following list those words which best fill the blank 
spaces in the sentences below and arrange them in proper numerical 
order, A word may be used more than once. 


lever 

pump 

raise or lift 

weight or pressure 

34 

15 


down 

up 

raised 

lowered 

feet 

28 


pneumatio 

air 

pushed 

heavy 

force 

weight 


When 


Water can be raised in pumps because air has (1)_ 
the piston of a pump is (2) , water fills the space below it be- 
cause it is (3) (4) by the (6) pressing on the surface 

of the water in the well. A lift pump will (6) water about 

( 7 ) (8) , but by using a (9) pump alone or m connec- 
tion with a (10) tank, water can be lifted higher. 


ESSAY TEST 

nmTTJTOPn RbpOBTB ON THE WaTBE StTSTEM IN HiS HOME 

Read carefully and critically. IM all the errors and suggest 
corrections. 

I Uve on the outskirts of the city. We have a well 60 feet deep. 
A force pump is placed in an inclosure 25 feet above the water. 
An electric motor operates the pump. The inlet pipe extends into 
the water. The well must be inclosed a,ii>tight to keep ofl tne 
atmospheric pressure. The discharge pipe outers a ^euma i 
tank in the cellar. When the water gage on the tank shows it is 
I full of water the inclosed air is pressing down on the water vutn 
a force of 45 pounds per square inch. This is due to the fac 
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■we bring the atmosphere and the water together and thus add the 
pressure of the atmosphere — 15 pounds per square inch — to the 
pressure in the tank. The discharge of water from the tank is jerky 
instead of an even flow : this is because the tank is supplied by a 
force pump. 

PROBLEM m. HOW DO WE USE AND CONTROL 
WATER IN THE HOME? 

We liave already seen that we use water for drinking, 
cooking, and washing. It is also necessary for flushing 
toilets and getting rid of other wastes. It is used in hot- 
water boilers for heating our houses either by steam, hot 


water, or water vapor, and 



Trace a drop of water from the time it 
leavee the water main until it reaches 
the aewer. Through what parts of the 
plumbing might it pass? 


of course is necessary for the 
Kves of our plants and nnimalB 
which live in and around the 
home. 

Sanitary Plumbing. The 
word plumhing includes 
pipes, faucets, and traps 
through which water is car- 
ried in the house. The Latin 
word from which plumbing 
comes means lead. Lead pipe 
has been used extensively for 
carrying water and is still 
used, though brass and iron 
pipe have become much more 
common in modern plumbing. 

Faucets. In order to ob- 
tain water when we wish it, 
and to check its flow at other 
times, a device called a 
faucet is necessary. If you 
study diagrams, you 'will see 
that there are two types: 
one having a handle which 



CONTROL or WATER. IN THE HOME 


lOd 



screws down a washer over an opening, thus shutting off 
the flow of water,, and another type in which the pressure 
of a spring holds the washer down so that no water can 
get out. "V^en the handles are squeezed 
together, the pressure is released and 
the water flows through. Every boy 
and girl should know how to stop a 
faucet from leaking. The first thing is 
to turn off the supply of water at ,the 
shut-off valve, then take off the handle 
of the faucet with a wrench and remove 
the washer. A new washer, which can 
be bought at any hardware store, 
should then be put in, and the handle 
replaced. Sometimes a faucet gives a 
knocking noise which is due to vibra- 
tions when water passes through it. 

If this noise is caused by a loose washer, 
it may easily be fixed, but if due to 
worn threads it will need to be replaced, 
waste water and consequently money, 
in your home. 

Service Pipes. A service pipe brings water in from 
the outside street main. Water usually passes into a 
water meter situated in the basement where the amount 
of water is measured. The water meter has a valve for 
shutting off the water in case of accident, and for, drain- 
ing the pipe when repairs have to be made. 

In order to get water and wastes out of the house, a 
system of drain pipes is necessary. A vent pipe extends 
from cellar to roof and is connected to the drain pipes : 
its purpose is to carry off odors and prevent sewer gases 
from entering the house. The drain pipes must leave 
the house at a point lower than any other place, for outlet 
pipes must run slightly down hill. 


What newer moiJlflca- 
tlone of these faucets 
have ;ou seen? 

Leaky faucets 
Do not allow them 
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The Siphon and Its Uses. The siphon is used in 
several plumbing devices as traps, flush tanks, and toilets. 
Let us see how it works. 

Demonstration 2. To Understand the Working of the Siphon. 

Materials. Battery jar, glass beaker, rubber tube, glass tube, 
puUey mth little friction, cord or rope to go over pulley. 

Method. (A) Hang a short heavy cord or small rope over the 
pulley, leaving the two ends at the same level. (See figure o.) 

Change cord so that one end hangs six 
inches lower than the other side. See 
figure b. What happens? (B) Con- 
nect a six-inch length of glass tubing 
to one end of rubber tube. Fill the 
glass and rubber tubes entirely full of 
water. Hold one finger over the end 
of glass tube and put the end of rubber 
tu^ into a jar of water. Hold the 
end of the glass tube just below the 
level of the water in the jar. Take 
your finger from the end of the tube. 
What happens? Now raise the tube 
until the end is just level with the 
water on the surface of the jar. What 
happens ? Lower the end of glass tube so that it is several inches 
below the level of the water in the jar. What happens? What 
will happen if the outside end of the tube is raised above the level 
of the water in the jar? 

Conclusion. The tube is used in this experiment as a siphon. 
Explain how much of the action of the siphon depends upon the 
pressure of the atmosphere. Why is it necessary to fill the tube 
with water to start the action of the siphon? How does the 
analogy with the rope help to explain a part of the action of the 
siphon?- 

The siphon is a device that carries water over an eleva- 
tion and delivers it at a level lower than its source. We 
make use of it when we draw gasoline from the automobile 
tank, and in the traps of the plumbing system. To Start 
a siphon it is always necessary to fill the tube with liquid. 

Flush Tank. Examine the diagram of the flush tank 
which is used above toUets. Notice that when the toilet 
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is flushed, the surface of the water is lowered ; that the- 

ball float opens a valve which allows a new supply of 

water to come into 

the tank. When the 

water reaches a cer- ‘ ^ 

tain level, the float jfh M 

automatically closes -s> 

the valve. We flush T \d 

the toilet by pulling \ | 

a lever which opens 1 || Wl 

the outlet valve, and 

watei' passes through j 

the flush pipe. The 

valve is light in weight supgylj ^ 
and remains raised Explain bov thla flush tank works. What Is 
+V.O aurfor-p nf the position of the hall float when the tank is 
until tne surtaee OI When it is empty? 

the water gets down 

to it. After losing the lifting force of the water, the valve 
closes. The tank then fills up as has been shown previ- 


ously. 

Traps. In order to prevent odors and sewer gases from 
getting into the house, fixtures known as traps are neces - 
sary. Under the 
kitchen sink is a 
grease trap, but in 
other places the S 
trap is used. These 
traps shown in the 
diagram have a water 
seal formed by the 
use of an inverted 
siphon. In order that 
WhyistUscaUedawaterBoal? water may not 



siphon out of the trap, it is a common practice to join the 
top of the upward bend in the trap to the- vent pipe. If 
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■this is not done, most of the water will be drawn off ana 
evaporation might remove enough to allow gases from the 
sewer to come back into the house. 

SELF-TESTING EXERCISE 

Select from the following list of words those which best fill the blanh 
s-paces in the sentences below and arrange them in proper numerical 
order. A word may be used more than once. 


water 

stands 

lead 

brass 

screw 

lower 

pipes 

float 

flow 

higher 

filling 

flows 

upper 

valve 

vent 

faucet 

draining 

types 

filled 

spring 


The plumbing system in a house refers largely to (1) through 

which water (2) Formerly (3) pipe was used to a greater 

extent. It is largely replaced today by (4) and iron. In 

order to get a liquid to flow through a siphon it must first be 

(fi) with the liquid and the outlet must be (6) than the 

inlet. The flush tank is kept from running over by a (7) con- 
trolled by a (8) S traps should be connected to the (9) 

pipe to prevent them from (10) Water is carried to a par- 

tieular place through (11) and regulated by (12) of the 

(13) or (14) type. Much waste of (15) results from 

leaking (16) 


ESSAY TEST 

Patjunb Looks Over the Plumbing System 

• Read carefully and criticdlly. List ail the errors and suggest 
corrections. 

I have just completed a survey of the plumbing system in my 
home. I found the service water pipe entering the cellar ; near it 
was a meter and a valve to shut off the water. There are many 
pipes near the cellar ceiling I never saw before. Upstairs I find no 
pipes except short connections. It must have been lots of work 
to take up floors and open walls to put the pipes in there where I 
am told the pipes are. The faucets are good except one which 
doesn’t shut tightly enough to prevent a small stream continually 
running. But this was of no consequence as it was at the wash 
tub in the basement. I think the pipe leading off from the kitchen 
sink must be too small because it takes a long time for dish water 
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to run out. I understand the reason lead pipe is used more than 
iron for the water pipe is that iron is harder than lead and the iron 
mftkea the water hard. Hard water is not suitable for washing. 

PROBLEM IV. HOW DO CITIES PROVIDE SAFE WATER 
FOR THEIR CITIZENS? 

The problem of getting safe water for a city is a serious 
one. Not only must the water be plentiful at all seasons 
of the year, but its soui-ee ought to be high enough so that 
gi’avity wUl bring the water easily into tall city buildings. 
Then, too, the water should be reasonably safe to drink. 
Unfortunately not all cities are placed so that they get a 
pure water supply. Some cities such as Buffalo, Cleve- 
land, and Chicago take their supply from lakes on which 
they are located and into which some sewage drains. 
Others such as Philadelphia, St. Louis, Pittsburgh, and 
Cincinnati must di-aw their supply from rivers which con- 
tain a great deal of sewage coming in from small towns 
and cities located above the point at which the water is 
taken. Another type of water supply is seen in New 
York, Los Angeles, and San Francisco. These cities have 
no near source of pure water and tap supplies far from 
the city in order to get an abundance of pure water. 

Lake Supplies. Chicago, Cleveland, and other large 
cities near lakes draw their water supplies from the lake 



Follow a drop of water from the time It enters fhe intake of a Chicago crib to the 
time it reaches a home. The water la chlorinated just before it enters the mains, 
H. & w. SCI. U — 9 
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at a suificient distance from the shore so that the water is 
not contaminated with sewage. The city of Chicago has 
built cribs for the taking in of water several miles out 
in the lake. Here lake water flows through a screen into 
an intake shaft and tunnel which runs shoreward to 
pumps which force it into the mains all over the city. 
The water is chlorinated before it reaches the mains. 
Before the Chicago drainage canal was built (see page 
126) j the death rate from typhoid fever was very high 
because much sewage found its way into the water supply. 
Today typhoid fever has practically disappeared, thnnlrB 
to the drainage canal and to the additional safety gained 
through chlorination of the water supply. 

River Supplies, An interesting story is that of the 
first understanding of the relation of polluted water 
supplies to certain diseases. In 1891 a very serious 



Original Oism 
in North 
Cfie/maUnt 


MAP OFTHB 
CITYOP 

tOWELr 

MABSACHUSEm 
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Ssi Merrimack River. In 

occurred in North Chelmsford and then LoweB 
SioTd) why tMe happened. (Each dot represents a cuneot 

typhoid.) This epidemic resulted in the first filtration of a oily water supply In this 

countiy. 
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■break of typhoid fever occurred in the cities of Lowell 

Lawrence, Massachusetts. The city of Lowell took 
T water supply without filtering it from the Merrimack 
Sver a few miles above the city. Typhoid fever broke 
ut in the little town of North Chelmsford a few miles 
above Lowell. About two weeks later a very severe 
eoidemic of typhoid broke out in Lowell and about a 
month later a similar epidemic, though not quite so severe, 
occurred in Lawrence, some 10 miles farther down ^e 
Merrimack River. What had happened was this. _Ty- 
nhoid germs from North Chelmsford sewage passed into 
the river and into the Lowell water supply. People drank 
the water and along with it the germs of typhoid. They 
sickened with fever, and the germs from their bodiM 
passed out in the sewage and were taken in by people in 
Lawrence. This story has been repeated fo r a great many 
/ears by almost every city and 
town which took its water from 
similar sources. 

The First Use of the Filter 
Beds. Allen Hazen, a water 
expert, with a group of other 
scientists showed that the out- 
break at Lowell was caused by 
di'inking unfiltered water. Filter 
beds of sand were installed 
through which the water slowly 
trickled, and by means of these 
beds about 98 per cent of the 
germs were taken out. In this 
way water which was unfit to 
drink was made quite safe. This 



"■-j’.'yat-er 



A vertical aection. of a filter Tied. 
Refer to your text to see how it 
ia used. 


tj n I I I IV VVCUtS XJ-LCUVjLW — 

plan, worked out over 40 years ago at Lowell, is now use 
with certain improvements in every city that has to take 
its water from rivers or lakes that contain sewage. The 
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filter bed usually consists of small stones, gravel, coarse 
sand, and fine sand in layers as seen in the diagram. In 
order to make a filter plant fit for service, a number of 
beds must be available, so that each one may be taken 
out of service after a few days of use, the sand removed 
sterilized, and the bed thoroughly cleaned. 

Use of Chlorine. Although filtering removes most of 
the germs, it has been foimd that the use of bleaching 
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How the death rate has been reduced in one mldwestern city. The last results are 
in part due to coagulation before filtration and chlorination. * 


powder or liquid chlorine will kill practically all the germs 
that are left after filtering. Modern city plants use 
chlorine in the way shown in the illustration. 

Modern Filtration Systems. St. Louis and 
City have to take their water from the muddy Mississippi 
and Missouri rivers, respectively. In addition to having 
sewage, these waters also contain a great amount of mud 
which must be removed before filtering. The city of 
St. Louis fii’st pumps water into great settling basins 
which have a capacity of over 2,000,000,000 gallons. 
Here the water is treated with chemicals which help 
settle the mud. After about 34 hours, the water is passed 
into filtration beds in which are rapid sand filters. Just 
before the water goes through these filters it is treated 
with sulphate of aluminum. This causes a jelly-like solid 
to form which catches most of the bacteria. Hapid sand 
filters soon become clogged and have to be cleaned about 
every 24 hours. This is done by reversing the flow of 
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water through the beds, thus washing out the dirt and 
bacteria, which are sent into a sewer. After filtration, 
water has liquid chlorine added to it. This kills all the 



Typhoid in Chicago. What relation have these events had to this disease? 


bacteria that may be left and renders the water fit for 
drinking. St. Loui^ with a population of over 800,000 
uses about 140 gallons a day per person. The filtration 
plants are able to deliver about 3,000,000,000 gallons a 
day for the city’s water needs, more than twice the 
amount the city normally uses. 

The filtration and chlorination of this water supply has 
changed completely the death rate for certain diseases. 
In 1849, St. Loiiia had an epidemic of cholera which killed 
nearly one eighth of its total population. Cholera is a 
disease which is passed from one person to another in drink- 
ing water. As late as 1892, it had 106 deaths per 100,000 
persons from typhoid. In 1903, this rate di'opped to 47 
per 100,000 ; in 1917, it was 17 per 100,000 ; in 1923, when 
both filtration and chlorination were used, it dropped to 
4.2 per 100,000 and is around 2 per 100,000 today. In 
other large cities where filtration and chlorination have 
been used sinoilar improvement has been made. 

Water Supply of New York. The city of New York 
formerly took its water from the Croton watershed, an 
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area about 40 miles from New York. In this watershed 
huge reservoirs were constructed, and by means of an 
aqueduct New York was supplied with about 500,000,000 
g^ons of water a day. But as the city grew in size it 
became necessary to get more water. Consequently, 
the city purchased an area of about 900 square miles of 
mountainous land in tlie Catskill Mountains. Hei’e they 
constructed at great expense two great reservoirs at 
Ashokan and Schoharie. To make these reservoirs pos- 
sible and to secure pure water, it was necessary to move 
several villages and numerous houses, as well as some 
thirty-five cemeteries. The Schoharie watershed flows 
flway from New York, so, in order to bring the water back 



Wnier Division, Baaion, Mosa, 

Large reaervoirs help purify water as weB as store it. This is one that supplies 
the city of Boston. 


to New York, a great tunnel was made under the Catskill 
Mountains. This system supplies over a billion gallons a 
day to the city of New York. In addition to the huge 
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elewation 

6500 

feeL 


storage reservoirs, distributing reservoirs were made 
at Kensico, and at other points not far from the city 
line. Here the water is treated by means of great 
fountains. This allows the water to dissolve oxygen 

which helps to re- 
move bad tastes and 
odors, as well as to kill 
bacteria. 

Los Angeles Water 
Supply. Los Angeles 
gets water by means 
of a great aqueduct 
which runs 250 milAg 
over desert and moun- 
tain to the source of 
the Owens River, a 
stream fed by the 
glaciers of the Sierra 
Nevada range. In 
this aqueduct water 
comes down from a 
high altitude and de- 
velops great pressure 
on its way. At certain 
points along the way 
the water passes 
through turbines 
which generate elec- 
tricity, thus maldn g 
the water serve a 
double purpose for the 
people of Los Angeles, 
who get cheap electric 
power as well as pure 
water. 
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Los Angoles is planning to tap a new source of 
watM supply now flowing into Mono T.ni,» 
Trace the new aqueduct on a good map. 
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San Francisco Water Supply. Although San Francisco 
is surrounded by water, it has never had an adequate 
supply until recently. But in 1934, after over twenty 
years of planning and labor, water from the Hetch Hetchy 
Valley, 156 miles away, was piped into the city. A great 
artificial lake holds back the water which flows through 
87 milfiR of tunnel, and 69 miles of steel flumes, into the 
receiving reservoirs near the city. This great project has 
cost San Francisco over $100,000,000. 

The Use of Reservoirs. Storage of water in reservoirs 
is additional protection to the water supply. Bacteria 
can live in open bodies of water only for a short time 
because of the action of the air and sunlight, both of 
which kill them. In some large reservoirs, algae grow 
and may give the water an unpleasant taste. One of 
these plants, called Synura, got into one of the reservoirs 
of New York not so many years ago and produced such 
a fishy smell that people were afraid to drink the water. 
This little plant can be removed by adding copper sulphate. 

Demonstration 3. Effect of Water Pressure on Flow from Faucets. 

Set up apparatus as shown in the diagram using a force pump 
to fill the reservoir. The reservoir or stand pipe shown by the 
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bottle marked ‘'reBervoii”'caii be filled from the pau marked “lake” 
and the tube leading into the bottle closed by means of a clamp. 
Now unscrew clamps on 1st floor and 3rd floor. Any differences in 
force of flow? Pill the bottle a second time and open 2nd floor and 
basement faucets. Any difference? Which of the four faucets has 
the strongest flow? How do you account for this? 

It is desirable to have the reservoir at such an elevation 
that water may flow by gravity and reach the tops of the 
tallest buildings it supplies. By opening the “faucets” 
one after the other in the demonstration apparatus, it 
will be seen that the pressure is least on the top floor. 



la this diagram a stand pipe is used as well as a reBeryolr* What law does this 
diagram illustrate 7 

Sometimes it is necessary to pump water into tanks on 
the roofs of houses to obtain a good flow of water on all 
floors. In many parts of the central West where the 
ground is flat and water comes from underground soutces, 
cities have tall stand pipes, with tanks at the top so as to 
give the necessary water pressure for tall buildings. 

Protection of Water Supplies. When a city obtains 
its water from an area which is populated, it becomes 
necessary to maintain a force of sanitary police to prevent 
violation of laws for the protection of the watershed. 
When using a public watershed we should remember, 
first, never to injure public property. The cost of repairs 
is a large item of e3q)ense, and this is especially true in the 
upkeep of hydrants, water pipes, and reservoirs. Second, 
we should protect public watersheds from pollution, 
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always clean up rubbish and material that might decay 
after a picnic, and use only public toilets when in parks or 
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Water afiects the general health of a community. 


near watersheds. Third, we should take the utmost care 
when fishing ; or camping not to pollute the water. F ourth, 
we should report to the health authorities the breaking 
of any rules of sanitation by any person. Fifth, we should 
be careful about drinking water which we are not sure of. 
All drinking water from unknown sources should be boiled. 

Relation of Water Supplies to Health. We know that 
water is directly concerned with certain diseases. Cholera, 
typhoid fever, paratyphoid, dysentery, and perhaps some 
other diseases may be passed on through drinking water. 
The general health of people in a community, however, 
seems to be affected by the water they drink. It has been 
found that where water supplies are poor, the general 
health of the citizens is poor. They seem to be predis- 
posed to other diseases. Pure water, then, is an asset 
which should be guarded by every citizen. 


SELF-TESTING EXERCISE 


Sdect from the following list of words those which best fill the blank 
spaces in the sentences below and arrange them in 'proper nwm&ncal 
order. A word ma'y be used more than once. 


air 

water 

food 

shelter 

sunlight 


cold 

bacteria 

algae 

sand 

mud 


nitrogen 

chlorine 

cancer 

filters 

typhoid 


sewage 

cotton 

sedimentation 
scarlet fever • 
tuberculosis 
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Water in rivers or lakes may become polluted from (1) 

(2) Such water can be made safe for drinking by passing it 

through (3) (4) and treating it with (5) to kill the 

(6) that pass through the (7) The death rate from 

(8) has been greatly reduced by these measures. Some germs 

in water are killed through lack of (9) and from the action of 

(10) and (11) 


ESSAY TEST 

Rita. Rbcbivus New Ideas abodt the Water Supply 

Read carefully and critically. List all the errors and suggest 
corrections. 

I never dreamed so many things had to be done to the water 
before it comes to our faucets. Typhoid fever germs may be de- 
livered in our water supply if it is not treated with chlorine. But 
chlorine itself is a poison. Science has progressed so that today 
people can be treated with a serum which makes them immune to 
typhoid fever. I think it would be much better to omit the chlo- 
rine treatment which gives the water a chemical flavor and to 
inoculate the people with antityphoid serum. It would be cheaper 
too because the immunity lasts for years. If I lived in a city that 
had sewer pipes to carry off the household wastes, a well in the 
yard or even in the cellar would give pure water for household 
uses. I would not like to live in Los Angeles where the water 
comes a long distance and on its way gives up much of its energy 
to produce electricity. Such water, having lost so much energy, 
must be very weakening to a person drinking it. 

PROBLEM V. HOW DOES WATER HELP IN THE 
REMOVAL OF WASTE? 

Disposal of Sewage. Many country homes have a 
cesspool in the form of a deep hole in the earth, having 
an open bottom, uncemented rock or brick walls, and a 
covered top. This receives sewage from the house which 
drains out gradually into the surrounding soil. While this 
works fairly well in sandy soils, cesspools cause a good 
deal of trouble in clayey soils and have to be cleaned out 
frequently. 

Septic Tank. A far better way to dispose of sewage is 
by means of a septic tank. It has been discovered that 
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two types of bacteria cause decay, one of which (anaer- 
obic) thrives without air, obtaining oxygen from the sub- 
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What happens to the household wastes in this septic tank to make them harmless ? 

stances on which they feed. The other bacteria (aerobic) 
must have ’air in order to live. A septic tank is usuaEy 
built with three compartments, all made of cement and all 
water-tight. Sewage flows from the house into the first 
compartment and, after fats and other substances rise to 
the surface, an air-tight scum is formed under which the 
anaerobic bacteria in the sewage work. They thus cause 
the solid materials in the tank to become liquid. As the 
sewage is broken down or decomposed, it passes into the 
second tank where still more decomposition takes place, 
this time caused by aerobic bacteria. The contents of 
this pass into a third tank from which the contents 
are siphoned off into tiled drains under the ground. Here 
soil bacteria act on the sewage, rendering it quite harm- 
less, so that the fluid may be used for irrigation purposes. 

Sewers and Their Uses. Sewers or drains to carry off 
water and wastes have been used since the times of the 
Romans. Sewage consists of body and household wastes 
diluted in water. In flowing rivers a small amount of 
sewage may be carried off without harm since bacteria of 
decay found in the rivers break down solid materials into 
baT Tnlpiaa liquid substances. But in all large cities, the 
disposal of sewage is a serious problem. The city of 
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New York empties daily almost 1,000,000,000 gallons of 
sewage into the rivers and ocean, thus bathing Manhat- 
tan Island in diluted sewage. Fortunately, here the ebb 
and flow of the tides carries off so much of this material 
that it is not a serious menace to health. At the present 
time work has been started on a sewage-disposal plant 
on Wards Island which, when completed, will care for 
about 200,000,000 gallons of sewage a day, the first unit 
of a complete sewage-disposal system. Until 1900 Chicago 
discharged its sewage directly into Lake Michigan, and as a 
result many cases of typhoid occurred in the city because 
bacteria found their way into the water-supply intake of 
the city two miles off shore. Chicago then built, at a cost 
of $40,000,000, a drainage canal which draws the waters of 
Lake Michigan out into the Chicago River and then into 
the Des Plaines and Illinois rivers. Through this canal 
the sewage of Chicago, diluted with Lake Michigan water, 
passes. While this was good for Chicago, it was rather 
hard for the people who lived on the Des Plaines and 



The Chicago drainage canal. What are the preaent advantages and disadvantages 

of this canal 7 


Illinois rivers, for those rivers became open sewers. 
There have been many complaints and lawsuits over the 
disposal of' this sewage, and Chicago has been forced to 
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treat a part of it and will eventually have to treat it all 
in order to be fair to the people living on these rivers. 



A new sewage treatment plant of the city of Chicago. Over $41,000,000 has 
been allotted by the P. W. A. to build several of those plants. 


Other Methods of Sewage Disposal. When the sewage 
cannot be run directly into a body of water, it must be 
passed to a disposal plant. Here by means of septic 
tanks, filter beds, mechanical and chemical treatment 
the solid wastes can be removed and the liquid sewage 
transformed into a comparatively harmless and odorless 
liquid. In some parts of California, sewage from small 
cities is thus treated and is then used for irrigating fruit 
trees and other crops. The latest method of treating 
sewage uses air and constant agitation of the liquid to 
increase the action of the bacteria. This ” activated 
sludge process” is being used in a number of cities. 
Chicago in 1928 put into operation the. largest plant of 
this type in the world. The liquid portion of the sewage 
is thoroughly chlorinated before being passed into the 
canal, while more solid matter is sent to open-air drying 
beds. After drying, this waste material may be used as 
fertilizer. Many cities are now required by law to treat 
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their sewage before disposing it in streams. Unfortu- 
nately, waste from factories, stock yards, and gas plants 
may do much damage to plants and animals living in 
streams. To conserve the fish there, we must have them 
protected. In many parts of the country, various organ- 
izations are now actively fitting poor methods of sewage 
disposal. 

Garbage. In the country, garbage can be buried, 
burned, and some of it fed to farm animals. In the cities, 
household wastes must be collected or disposed of in 
iucinerators, which are devices for drying and burning. 
In many communities covered carts are used to collect 
garbage, which may be fed to hogs, burned, or sent to 
garbage-disposal plants where curiously enough some of- 
the wastes are made into soap and perfumes, while other 
materials are made into fertilizers. The city of New York 
for many years has taken its garbage to sea in scows 
and dumped it there, only to have much of it returned to 
the beaches which were the city playgrounds. Huge in- 
cinerators have recently been instaUed which destroy the 
garbage at a moderate cost. In time aU the garbage of 
greater New York will thus be disposed of. 


SELF-TESTING EXERCISE 


Select from the following list of words those which best fiU the blank 
spaces in the sentences below and arrange them in proper numerical 
order. A word may be used more than once. 


different river well 

cess harm ocean 

treat wasted wastes 

septic treatment pollutes 

filters filtration water 

air lake - same 


disposed 

source 

pollute 

disposal 

sower 

remove 


Sewers are pipe lines constructed so as to (1) (2) from 

homes and conduct them to a place where they may be (3) 

of without (4) to people. Sewage (6) ^ is a serious problem 
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f larae cities, because such wastes may (6) the (7) of 

‘“v ® supplies for other cities. A city (9) its own (10) 

°^^if it takes water from a (11) and passes its sewage into 

!iIo Jme (12) without proper (13) Sewage is rendered 

Armless by (14). tanks, chemical (15) , and sand (16) 


ESSAY TEST 

Hugh Presents His Notes on Disposal of Wastes 

Bead carefully and critically. List all the errors and suggest 
corrections. 

J1 1 lived in a city which had no piped sewage system, I would 
choose to have a cesspool because this is cheapest and gives the 
least trouble. Some people have septic tanks, but they must be 
very unhealthful because they can have no ventilation. The bac- 
teria which are useful in septic tanks die in the presence of air. 
The removal of wastes by running water in sewage systems is a 
modern invention. Sewage systems are wasteful and many large 
cities in countries such as China today save all these waste mate- 
rials and use them to fertilize crops. For years New York has 
dumped its garbage a few miles off shore into the ocean. Much of 
this washed back upon the beaches in New Jersey. Of course 
nothing can be done to prevent this action. The government has 
no power to say what shall be done in the open ocean beyond 
thrw miles from shore and nobody can prevent the action of wind, 
waves, and tides. 




THE REVIEW SUMMARY 

In preparing a summary of what you have found out in this unit, 
you will want to place emphasis on the big ideas which have come 
from the applications of the facts you have learned and the demon- 
strations you have seen. Doubtless you have done some addi- 
tional reading which has helped you put together some of the facts 
into generalizations or fundamental underlying principles. For 
this unit some of these generalizations are : 

1. Water is abundant on the earth, except in some desert areas. 

2. Gravity is used in getting water into our houses. . _ 

3. Compressed air can lift water to the tops of our buildings. 

E. & W. SCI. II — 10 
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4. Water is controlled in our houses by a system of pines o„h 
valves. ^ 

6. Water removes wastes. 

6. Cities provide pure water by filtration and chemical treat, 
ment of water from natural sources. 

Before making your review summary for your workbook teat 
your knowledge of the facts of the unit by checking over the text sn 
as to bo sure you know the facts underlying the science principlea 
or genera izations. Then using this material and everything vou 
have read, seen, or done yourself, make your summary outline 
This outhne you may use when you make a recitation. 

TEST ON FUNDAMENTAL CONCEPTS 

^ column under the heading correct vnite numbers 

of all statements you believe to be true. In another column under 
INCORRECT write the numbers of the false statements. Your grade ~ 
nght answers X 2t. y ^ 

I. Water from a deep well or spring usually: fH has mimi, 
sediment in it ; (2) has some dissolved minerals in it ; (3) is the 

iSid w 

freshly distilled • 

(7 filtered through hvo layers of cotton cloth ; (8) boiled 20 minutes ' 
rivef°’’^° melted; (10) taken from a rapidly flowing 

Sto piiSn <‘® ”” «"“1' 

p.u»b^„ », ‘■“rK'S” 

f2n’nTni®a^?r+^ f°r drinking by: 

S <?a, ts 

(25j 6xamining It under the microscope to see if it contains bacteria.’ 
bathe; (29) septic tanks ; (30?celp“oolfif%t^ouTm^^^^^ 
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VII. In order to secure safe water a city may: (31) use the 
water from a near-by river just above the city; (32) have people 
use filters on their faucets ; (33) treat the water with chlorine ■ 
(34) get its water from a distant protected watershed ; (36) depend 
on local springs and wells. 

VIII. The advantage of a force pump is that it : (36) works inde- 
pendently of atmospheric pressure ; (37) will carry water to any 
desired height ; (38) may be operated by hand or by motor ■ 
(39) requires no valves ; (40) delivers a steady stream of water 
without the use of compressed air. 


PRACTICAL PROBLEMS 

1. The water in your well is of doubtful purity. You have no 
other source of water. How will you' make it safe to use? 

2. Suppose you have purchased woodland on a lake in an unin- 
habited region and want to build a camp for summer use. Tell 
how you will proceed to determine what will be the best way for 
you to (1) provide a water supply and (2) get rid of waste. 

3. Two neighbors A and B have wells about 16 feet apart. The 
boundary line of their land comes between the two wells. In a 
severe “dry spell ” the water gets lower and lower until A’s well is 
dry. There is still some water in B's well and A asks to be allowed 
to get water there. But B refuses to allow this because he fears 
there will not be water enough for both families. There is no 
other source of water within a mile. Thereupon A digs his well 
10 feet deeper and gets an abundant supply of water, but at the 
same time B’s well becomes dry. Can you explain why B’s well 
became dry? Do you think B -will be allowed to get water in A’s 
well? Ought A to invite B to get his water from the new well? 
What would you do if you were A? if you were B ? 

4. You are going to try to fix a leaking faucet. Tell just what 
you will do. 


INTERESTING THINGS TO DO, READ ABOUT, OR .gj'F.'B 

1. A new water-supply development. 

2. Story of the travels of a molecule of water. 

3. My homemade water filter. 

4. An interview with the plumber. 

6. Different ways water is used in preparing foods. 

6. How spots and stains can bo removed from clothing. 

7. Soap making. 

8. Report on a popular science book I have read. 



13£ 


A CITIZEN’S NEED OF WATEE 


SCIENCE FOE LEISURE TIME 

1. A Cabbon Dioxide Pop 

Soda water is water charged with carbon dioxide under pressure 
When the bottles are closed with corks, the loosening of the cork 
allows the compressed gas to blow it out with 'a resulting “ pon » 
Hence the name " pop ” for the soft drinks. You can duplicate 
the popping action by producing carbon dioxide in a closed bottle 
as follows. Place a heaping teaspoonful of baking powder in a heavy 
walled soda water bottle. Pour in 1 ounce of water and instantly 
press a cork stopper in tightly. You will not wait long for results^ 
A piece of dry ice may be substituted for the baking powder if 
available. If you do this at the house protect the ceiling by hoIdinB 
a box above the stopper. ^ 

2. Make a “Squibt Gun” 

Fit a piston to move inside a light-walled metal tube ahont 
8" to 10"longandr torindiameter. Plug one end tightlyS 
a piece of wood. Drill a hole through this with a A" or a 

Btould be able to use this without further directions 
3. Make a collection of pictures of different devices used to move 

or control water or operated 
by water. 

4. Secure from some 
friend information about the 
city water system, sewer 
system, or the use of water 
by the fire department. 

SCIENCE CLUB 
ACTIVITIES 

1. Prepare for a Siphon 
Pfogram. Each member of 
the club will try to bring in 
the longest list of uses of 
the siphon. Have various 
types of siphons — glass, 
rubber, and self-starting 
siphons. Arrange for several 
demonstrations. Have re- 
ports on regular and in- 
verted siphons in large 
water-supply systems. 
One suggestion for a novel 
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demonstration is that of an automatic siphon-fountain suggested 
■ the diagram. Have a pint of water in the bottle at the start. 
1 the receiving tank is below the reservoir the greater the 
vacuum and thus the greater the force in the fountain. 

2 Another good program is a Pump Program. Members bring 
In working models of lift pumps and force pumps they have made. 
These may be demonstrated and explained. 

3 A visit to the pumping station or purification plant of the 
city water supply will be enjoyable, full of interest, and will give 

you valuable information. 
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Survey Questions 

What we the present-day uses of 
heat? 

How can heat be carried from one 
place to another ? 

What Is the use of a theijnostat? 

How is gas used economichHv in 
cooking? ^ 

What we tte advantages of pressure 
cooing r 

What is a waterless cooker? 

W^t is spontaneous combustion? 

W^t are sources of destructive 
fires? 

What are the common methods of 
extinguishing fires ? 




UNIT V 


HOW HEAT IS USED IN HOME AND 
COMMUNITY 

PREVIEW 

We can only guess how heat was used in the earliest 
primitive homes. Perhaps early man discovered a hot 
spring, perhaps lightning set fire to a tree and he dis- 
covered the value of fire from this, perhaps he may have 
struck a spark by knocking two hard stones together. 
At any rate heat was used very early and soon became 
a necessity for both cooking and warmth. The Romans 
used fire for heating their baths and homes. Great fires 
were built in rooms underneath the home, and the hot air, 
fumes, and gases were conducted up to warm the living 
room. Earliest homes were heated by fires built in the 
middle of the room, the smoke escaping through the roof. 
Later the fire was removed to the side of the house and 
a chimney built to carry off the smoke. Fireplaces came 
into use in the fifteenth century. Not much improvement 
was made until about 1742 when Benjamin Franklin 
invented a stove. This was a decided advance, for it not 
only saved fuel, but it radiated heat from the iron of 
which it was made. Then came the heating systems. 
First the stove was moved out of the fireplace, then the 
“drum” or enlargement was placed over the smoke pipe 
and made to heat rooms above. Then furnaces came 
into use through which hot air was sent to different rooms. 
These were followed by steam, water vapor, and com- 
hinations of the two. The latest devices not only heat 
the homes, but clean the air and moisten or humidify it 
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so that it will be fit to use. All this is done by an auto- 
matic control. With the building of great apartment 
houses and public building, heat has to be carried for 
some distance. We often &id central heating plants in 
cities from which the heat stored in steam is conducted in 
well-insulated pipes underground to many buildings. A 
few scattered towns in different parts of the country make 
use of hot springs from which hot water is piped around 
the town for the purpose of heating. Where natural gaa 
is abundant, heating of buildings is often done by the 
unit system where different parts of the building may be 
heated by small separate heaters. This is a very practical 
way where the climate is not very severe. Electricity is 
used for heating where water power is abundant and elec- 
tricity cheap. 

But with our heating systems and greater use of fire 
has come more danger. The greater fire hazards come 
from longer flues, higher chimneys, and greater use of 
fuels, especially oil and gas. The carelessness of smokers 
plays an important part in fire. The anmiq. 1 fire losses 
in .homes and communities in this country have been 
ne^ly $500,000,000 a year for the past ten years. This 
unit will help us to find some ways to do our part in 
lessening fire hazards and controlling fire as it is now 
used. 

Before beginning a serious study of this unit, you should 
see how much you remember of what you learned about 
heat last year. You want to build your science on a 
strong foundation of science principles. The following 
are those on which this unit is based : 

SciBNCE PeiNCIPLBS 

1. Heat is present in all matter. 

2. The amount of heat in matter can be changed. 

3. Heat can be transferred from one body to another. 
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4, Heat is produced from other forma of energy and 
in turn can produce other forms of energy. 

5. Heat causes many changes in matter. 

PROBLEM I. HOW ARE OUR HOMES HEATED? 

How a Fireplace Works. As you know, a fireplace is 
like a large box with brick or stone walls on all sides 
except for one opening into the room and another into 
the cliimney. Wlien a fire is built, cool air comes into the 
fii-eplace from the room and pushes the hot smoke up the 
chimney, thus causing what we call a draft. Much more 
air passes through the fireplace and out the chinmey 
than is needed to burn the fuel. The burning fuel and 
the hot walls of the fireplace radiate heat into the room. 
Tliis radiant heat is absorbed by furniture and walls 
of the room. Air must be constantly supplied to the 
room, usually through cracks around doors and windows. 
Thus there is fresh air in a room warmed by a fireplace. 
In colonial days fireplaces were the chief sources of heat 
both for warming the room and for cooldng. But today, 



Aflreplace of colonial times. Why do you suppose such a wide fireplace was used? 




I'-— fuel door 
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^uffi we isTO more eamomical heating devire, ti 
fireplace is not in common use. ^ ®^ce8, the 

banned 

by a Stove. In order to save 
much of the heat which escapes 
out of the chimney from the 
fireplace, an inclosed fireplace 
called a stove, is set up £ the 
room and connected to the 
chimney by a smoke pipe. Air 
coming in contact with the hot 

Wiere are the air controls of this Surface of the H+r.™ i 

stove? How would you use thM, 1,.,., Oiqiands, 

to check the Are? comes hghter, and is pushed 

which takes its place TW J 

cooled as they pass bv fho • currents of air are 

eighty per cent nf +>,« i. seventy to 

sLVe aLT'* 

™>m, it radiates heat to th™ Cf- 
through the metal fmm +1, • ^ brought 

of Jato™ ““nSl™ Tat ‘“a* onWde.amd^ 
l»«t tranrfeLr Thua ah three methoda rf 

sjc used to some 
extent in heating a 
room. 

The Warm -Air 
Furnace. The 
warm-air furnace is 
simply a large cen- 
tral stove placed in 
the cellar, and cov- 
ered with a much — — 

larger metal jacket, *7® “«»P™deut systems of convection 

In this warm-air furnace. 
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from the top of which metal tubes, or ducts, lead out to 
the different rooms that are to be heated. Fresh air is 
brought to the bottom of the space between the fire box 
and the inclosing jacketj and, as it becomes hot, is pushed 
up and passes through the pipes to the various rooms. 

Regulation of Fire. In starting a fire, the lower draft 
and the damper should be open, but the check draft, 
should be closed. Why? By opening the check draft, 
partially closing the damper, and closing the draft, the 
fire will burn slowly. Why? By closing the damper 
completely, the air current is checked and burning almost 
stops. If the room is overheated, close the draft and 
the check in the stovepipe and open the damper and the 
fuel door. The air from the room will then pass over the 
coal and up the chimney, thus cooling the stove or furnace 
without helping the materials to burn. 

When the check in the smoke pipe is open and the 
damper closed, air from the outside passes into the smoke 
pipe and out the chimney. This reduces the current of 
air through the fuel and so checks the fire. In checking 
the fire, always close the draft, for otherwise the poisonous 
gas, carbon monoxide, may escape into 
the room. A very small percentage of 
this gas in the air is fatal. 

Demonstration 1. To -Show the Principle of 
Hot-water Heating. 

Set up the apparatus shown in the diagram. 

Open the clamp A (air valve on radiator) and 
pour water into the expansion tank. When 
the boiler and radiator are full, close A. Drop 
a few small crystals of potassium permanganate 
to the bottom of the radiator through the 
thistle tube (expansion tank). 

Apply heat gently at first to the middle por- 
tion of the test tube (boiler). Watch the 
tubes between boiler and radiator. The 
colored water will show if there is any move- 
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ment of water. After one or two nunutes feel C and B. What 
does this indicate ? A little later feel of the bottom and top of 
the radiator. Explain result. Make a diagram for your workbook 
and insert arrows to show how the water circulates and tell how 
this demonstration explains the process of hot- water heating in a 
house. 

The Hot-water Heating System. In the hot-water 
heating system, we have a combined furnace and boiler 
in the cellar, radiators in the rooms, and connecting pipes 
to bring the water to the radiators and back to the 
boiler. Connected with the pipes at the top of the home 
is an expansion tank which 'takes care of the increased 
volume when the heated water expands. Water leaves 

the boiler at a temperature 
of 175° to 186° F. and returns 
to it ten degrees cooler, heat 
being transferred from boilers 
to radiators by convection. 
The cooled water is heavier 
than hot water, and flows 
down through the pipes. 

As soon as the hot water 
reaches the radiator, heat is 
conducted through the metal 
to the outside surfaces. Air 
coming in contact vidth the 
radiators is heated, and then 
gives off this heat to the other 
objects in the room by con- 
vection, while some heat is 
radiated directly to the walls 
and objects in the room. 
Steam Heat in the Home. 
In the steam-heating systems, 
the parts are much the same as in the hot-water system, 
except that there is no expansion tank. Steam, made 



Can you explain bow the hot-wate 
beating system works? Under whs 
conditions might the expansion tanl 
oyerflow? 
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.£Xir, 

valve 


atr valve 


watex- 


How are the radiators of a steam-heatlns plant 
warmed? 


by boiling water, passes through the pipes to the radi- 
ators. The heat required to change water to steam is 
stored up in the steam, and when steam condenses it 
gives up this stored 
beat. ■ The water 
formed by this con- 
densation leaves the 
radiator and is 
brought back to the 
boiler again, either 
by a system of re- 
turn pipes or, if the 
house is small, it 
may go back through 
the steam pipe. 

Vapor Heating. In the vapor-vacuum system of 
heating a large part of the air is withdrawn from the 
boiler, pipes, and radiators by means of an air valve or 
pump in the basement. If one half of the pressure is 
removed, the water wiU boil at 180° F. When this vapor 
steam condenses in the radiator, it gives up more heat 

than the same weight of 
ordinaiy steam does. 

The Thermostat in the 
Home. Heating in our 
homes is often controlled 
by a thermostat, which 
automatically regulates 
the drafts, opens and 
closes the valves of the 
radiators, operates the 
oil heater, keeps the 
electric iron from over- 
Can you explain how the vapor-vncuuni J^gg^bing, operates the 
Gyetem works? What is the use of the j: 

chain attached to the furnace door? motor of the refrigerating 
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TYinnhinp. , controls the temperature of the gas oven, and 
keeps the water hot in the hot-water supply system. 

There are several types of thermostats. Let us try to 
understand one of them. One of the most commonly used 

thermostats is ma de 
of iron and copper 
or brass bars welded 
or riveted together with 
one end of the com- 
pound held securely. 
When heat is applied, 
the copper bar will 
expand in length more 
than the iron. This 
makes the compound 
bar bend with the cop- 
per on the outside 
curve. The free end 

Explain with reference to the text how the Qf jg moved 

thermostat works. , ... .. , 

by this action and 
may easily be the means of closing an electric circuit. 
The thermostat automatically keeps the temperature of 
the room within about one degree of the temperature 
for which it is set. 

Fuels Used. While wood is still used in many country 
homes, coal, oil, and gas are the most used fuels, and elec- 
tricity is coming into use for heat where it is cheap. An- 
thracite coal is preferred to soft coal for the furnace because 
it makes less dirt. On the other hand, it is much more 
expensive. A new automatic stoker has recently been 
invented which uses small sizes of coal. This mechanism 
is so complete that it not only feeds coal to the furnace, 
the heat of the fire being under thermostat control, but 
it also carries the ashes from the furnace by means of an 
automatic conveyer. Such a device wiQ undoubtedly 
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cause a greater use of coal of small sizes, now only usable 
in factories. 


/ADVANTAGES AND DISADVANTAGES OP HEATING SYSTEMS 


Kind op 
Hbatino 

Advantaoes 

DlBAI>VAIITA.aEB 

Pijeplace 

Aids ventilation. 

Low cost. 

Takes little space. 

Low efficiency. (20 per cent.) 
Uneven heating. 


Low cost. 

Efficient heating, 

(70 to 80 per cent.) 

Takes space in room. 

Requires much care. 

Makes dirt and dust. 

A great fire hazard. 

AVarm-air 

furnace 

Low coat to install. 

Aids ventilation. 

Easy to operate. 

Changes temperature quickly. 
No radiators in room. 

Large consumption of fuel. 
Brings dust into rooms. 
Danger from coal gas. 
Irregular heating. 

Some rooms hard to heat. 

Hot water 

Small consumption of coal. 

No dust. 

Easy to operate. 

Even temperature. 

High cost of installation. 

No ventilation provided. 
Danger from freezing. 

Changes temperature slowly. 
Radiator space large. 
Unsuited.to tall buildings. 

Steam 

Small consumptiou of coal. 

No dust. 

Distant rooms easily heated. 

High cost of installation. 

No ventilation. 

Changes temperature slowly. 
Radiators take up space. 
Sometimes noisy. 

Vapor 

Small consumption of fuel. 

No dust. 

Changes temperature fairly 
quickly. 

AU rooms easily heated. 

High cost of installation. 

No ventilation. 

Radiators take up space. 


Oil Burners. There are many types of oil burners, but 
in the majority of them a certain quantity of air is blown 
through pipes and the oil is pumped through a spraying 
nozzle so that a mixture of oil vapor and air is delivered 
to the burner, which is placed in the fire box of the heater. 
A smokeless fiame results. 
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SELF-TESTING EXERCISE 

Select jrom the followiiiq list of words those which best fill the blank 
spaces in the sentences below and arrange them in proper numejieal 


order. 

A wend may be used more than once. 


sinks 

air 

heat 

register 

stove 

gas 

temperature 

fire 

tank 

expands 

rises 

steam 

closed 

open 

cold 

radiator 

storage 

close 

hot 

water 

vapor 

expansion 

boiler 


Warm-air heating depends upon the fact that (1) 

— warmed in 


B. furnace (2) by convection. Circulation of hot water from a 

(3) where the water receives heat, to the (4) where it gives 

up heat and back again, is utilized in (5) (6) heating. 

(7) under pressure can be sent to radiators at great distances 

from the boiler and so is desirable for heating largo or tall buildings. 

Automatic control of the (8) and room (9) is easily secured 

through the use of oil burners for heating by means of a thermostat. 

To make the fire bum most strongly I would (10) all oheok 

drafts, (11) the draft under the gi’ate, and (12) the damper 

in the smoke pipe. To take up the increase in volume of water 

when a hot- water heater is first started, an (13) (14) is 

necessary. 

ESSAY TEST 

Raimond ThliLS of Hbatino Plans foe thh New House 

Read carefully and critically. List all the errors and suggest 
corrections. 

When father decided to build a new house he asked mother what 
kind of heat she wanted in it. The family was all present and as 
I recall this was the conversation. 

Betty. I want the vapor-vacuum heat. Everybody is having 
it now. It’s the cheapest and best. 

Alice. I think regular steam is better. I don’t want any vacuum 
radiators in my room, They may explode any time. 

John. Anything suits me if you have an oil burner. I’m tired 
of shoveling coal and sifting ashes. 

Raymond. Por steady uniform heat there is nothing better than 
the warm-air furnace. 

Pathbe. Just a miaute. I asked mother what she wanted and 
you won’t give her a chance to toll. 

Alice. She doesn’t care anyway. 
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WoTHHB. Yes, I do care. I do not want a dirty hot-air furnace 
or the oil heater. They fill the house with dirt. Coal is always 
dusty. I don’t want any unsightly radiators in my rooms because 
they are always in the way and there is no way to get rid of them 
if you use steam or hot water. , 

Bbttt. Well, Mother, all there is left is the fireplace or a wood 
stove in each room. ■ 

Raymond. Oh, wo may as well go back and start our fire with a 
whirling stick. 

HOTHEE. It’s not quite so bad as that. Do you not know that 
electricity gives the cleanest and most easily controlled heat of 
any kind of heating? That’s the kind of heat I want in the 
new house. 

Childeen {in chorus). That is great ’; we want it too. 

Fathbb. I see I have made a mistake in getting your advice. 
With electricity costing 12|4 a kilowatt-hour, it’s a question of 
having the house without electric heat or of having electric heat 
and no house. I cannot afford both. So think it over and some 
other time we may discuss it again. 


problem II. HOW IS HEAT USED IN COOKING? 

The Coal Range. The ordinary kitchen range for 

burning coal has a small fire box lined with fire clay, an 

ash pit, and an oven. The main air supply enters 

through the draft opening in the door to the ash pit 

under the coal, and 

passes through the 

layers of coal, where 

it aids combustion, cheek 

The hot gases, com- , , , . , 

. , f. -u • air inlet. — niT*/ 

mefromtheburmng 






ing from the burning 
coal, pass directly to 

the chimney through ^ currents shown in the diagram. la 

the stovepipe, or oven damper (not shown) up or down? 

around the oven and 

then to the chimney. There is a check draft wbi(jh 
admits air directly to the fire box above the coal. A 
damper, and frequently a check draft, which ^may be 
used to check the fire, is placed in the stovepipe. An 
H. * w. BOi. n — 11 
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oven damper, if raised, causes the hot gases to pass 
around the oven before entering the stovepipe. When 
the oven damper is down, the hot 
gases pass directly to the stovepipe. 
Demoastratiou 2. The Bunsen Flame. 

Close the air holes in a Bunsen burner. 
Turn the gas on full and light it. Notice 
the yellow color of the flame. Pass a 
saucer or a piece of heavy white paper 
through the flame and note what hap- 
pens. What is the black substance? 
Where did it come from? Now open 
the air holes in the burner. What 
happens to the color of the flame? 
Why do you suppose the color changes? 
Canyoiie^pUin the principle With the air holes open turn the gas 
of the Bunsen humer? down until low and then little by littlo 

reduce it until suddenly the flame “ strikes 
back” to the base of the burner. If the gas is now turned on 
full, it makes a roaring sound. Can you tell why? After it 
strikes back turn the gas off, 



outlets 


The Gas Range. AH the burners of the gas range are 
of the Bunsen type. Gas is brought to a mixing chamber 
through a small hole, 
and air comes in 
through larger open- 
ings. Gas mixed with 
air leaves the small 
holes of the bxirner, 
where it is burned. 

It is very essential to 
keep the burners clean ; 
also to have the proper 
adjustment betweeh 
the amounts of gas and 
air. Too much air 
causes the flame to 
strike back or go out. 





tooTnucA 


-Kiomtdi 
cUr* 

WI17 should the burner on your gas range be 
properly regulated 7 Can you regulate it with- 
out calling a gas man? 
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Too little air makes a sooty flame. Never allow the 
burner to burn after it strikes back, for it throws 
off a poisonous gas into the atmosphere. To prevent 
the escape into the room of water vapor and carbon 
dioxide from the gas burning in the oven, a stovepipe may 
be connected with the chimney. 

Oil Ranges. Many people who have no gas in their 
houses and many who formerly used coal have equipped 
the coal range with an oil range burner and burn fuel oil. 

A small reservoir, which is an inverted bottle having its 
mouth sealed in oil at a constant level, maintains an even 
flow of oil into the burners in the stove. When the oil is 
used up so that the level comes below the mouth of the 
bottle, a few bubbles of air rise in the bottle and allow 
an equal volume of oil to come out. Do you recall the 
science principle on which this works? In the fire box 
of the stove, the oil is heated and changes to a gas which 
is mixed with air and the result is very much like that of 
burning natural or manufactured gas. The hot gases 
from the combustion of the oil heat the top of the stove 
and may circulate around 
the oven just as they would 
if coal were bmned. 

Pressure Cookers and 
Waterless Cookers. When 
a vessel containing boiling 
water is closed in order to 
prevent the escape of steam, 
the pressure increases and a 
rise in temperature follows. 

Twenty-five to fifty per cent 
of the fuel can be saved 
by using pressure cookers. 

Waterless cookers are really a type of pressure cookerwhich 
depend upon the water in the foods to supply the steam. 



Uader what conditions of Uving might a 
proBsttf 6 cooker be a necessity ? 
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The pressure is not greatly increased in the waterless cooker 
and so there is not much saving in time and fuel, but 
without added water there is less loss of vegetable juices 
The Hot-Water Supply. The hot-water supply for 
household purposes is usually obtained from the hot-water 


heb'v6xCer~ 
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storage tank connected to 
the coal range or to an 
independent heater. In 
the range, the water is 
heated in a pipe close to 
the fire box, and leading 
to the boiler. Sometimes 
a gas stack is also attached 
to the tank. The gas 
flame heats a coil contain- 
ing cold water, and the 
rapidly heated water rises 
as it becomes lighter and 
passes into the pipe of the 
Whot^ are two possible methods of heatuig hot-water tank. When 

the hot water is drawn 
from the faucet, a supply 


f 


,^eoil in 
4J)«ngc 


...A. 


the water In this boiler? Where is the 
hottest water in the boiler ? Why 7 


Of cold water rushes in through the pipe which enters at 
the top of the tank and extends down to a level just 
above the top of the heating device. In the instantane- 
ous gas heater, the gas is automatically turned on and 
lighted by a pilot flame when the faucet is opened. The 
water is heated as it passes through the coiled pipes in 
the flame. 

SELF-TESTING EXERCISE 

lid of words those which best fill the blank 

E A Vrover nummcd 

order. A word may be used more than once. 

cteok wasted 

smoke saved 


juices 

draft 


fuel 
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oxygen 


carbon 


pipe 

air 

door 

time 

soot 

insulated 

oil 

pit' 

damper 


In the coal range air to make the coal burn enters through the 
opening in the (2) to the ash (3) A useful con- 
trol of burning is the (4) in the stove pipe. Much gas is 

/g) in cooking by turning the gas on full when turning it on 

partially will be sufficient, and by improper adjustment of the 

iQ\ (7) is deposited on vessels in the gas flame if there 

is too much (8) or too little (9) The (10) cooker 

saves time and (11) The waterless cooker saves the valuable 

(12) of the vegetables. Much gas can be saved if the walls of 

the gas oven are (13) 


ESSAY TEST 

Janet Is in Charge op the Kitchen 

Bead carefully and critically. List all the errors and suggest 

cnrrections. 

3 A.mi {at the telephone). Hello. Is this the gas office? Can you 
send a man up here at once? The trouble? Trouble enough ; 
the stove I bought from you tlmee months ago is all worn out or 
the gas you make is poor. It takes me half an hour to heat a pint 
of water. {Hangs up the phone. Janet site down to finish the 
story she has been reading most of the morning. The doorbell rings.) 

Janet. So you’re the gasman. It’s a wonder anyone will work 
for them. You should see the awful bills they send me, and such 
poor gas. They must be making a mint of money. Yes, this 
is the stove right here. See that good-for-nothing flame? 

Gasman. Well, that is hardly worth calling a flame, is it? Did 
you ever have things boil over? Do you clean the burners 
weekly? 

Janet. One can’t watch the stove all the time. Of course things 
boil over. But that doesn’t make the gas poor, does it? No, 
I don’t clean the burners. I never heard of such a thing. I 
wash my dishes once a day and I guess that’s enough washing 
for me. 

Gasman. See here, lady. Do you see all that dirt, dust, and lint 
there where the air goes in? That shuts off the air supply and 
would make a smoky flame if the burner tubes were large enough 
to let much gas out. They are so clogged with grease from 
spilled food that it doesn’t matter much now. Look, if I push 
this wire through these tiny holes to clean off the dirt, the flame 
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comes up four times as tall as it did. The burner needs boiline 
out in lye and cleaning each hole with the wire. Then keep the 
air inlet free from dust and you will have no more trouble. Good 
day, ma’am. ' “ 

Janet. Well, well, what a nuisance, but I suppose I’U just have to 
get busy and clean all those burners, but I do begrudge the time 
when I might be reading. 

PROBLEM m. WHAT ARE THE COMMON FIRE HAZARDS? 

Rre Waste. Valuable as fire is when controlled, once 
out of control it is one of our greatest enemies. The fire 
loss in the United States amounted to about $316,897 733 
for the year 1933. About 85 per cent of these fires’ are 
classed as preventable. Each one of us must take some 
responsibility in trying to reduce this unnecessary fire 
waste. It is in our homes that we can do most. 

Matches. In the United States probably half a million 
flames are produced with matches every minute. Our 
chief concern about matches in the house is to keep them 
away from children who are too young to realize the 
danger of fire, and from rats and mice, that cause fires 
by gnawing the match heads. Still another way is to use 
safety matches, for the ordinary match may ignite if it 

is dropped or stepped on. 
The fire losses in the 
United States which are 
known to be due to fires 
started by matches and 
smoking are about $30,- 
000,000 a year, the largest 
known cause of fire. 

Camp Fires and Bon- 
fires. Scarcely a week 
goes by but that we read 
of some child being 
burned to death as a 



Always put out youi camp Are. Why ? 
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suit of playing with fire. One of the most frequent 
^ es of accident both to children and their homes is 
Lm bonfires. Never build a fire where it can spread 
and never build a fire when the wind is blowing. Be 
eanecially careful in dry weather. Sparks often set 
fires at a distance. Camp fires should always be carefully 
nut out with water before leaving them, as many forest 
fees have been started .from smoldering embers left by 

campers. , 

Flames for Light. The candle, kerosene lamp, and gas 

flame are common sources of danger in the home. Many 
fires have been started from curtains blowing into a 
flame and catching fire. It is unsafe to lea,ve a burning 
lamp or gas flame unwatched for a long time. Candle 
shades made of paper or cloth should be protected by a 
mica chimney which separates them from the flame. 
Use lamps and candlesticks which stand solidly on a 
broad base. Filling an oil lamp which is burning may 
cause the flame to jump back and set the kerosene on fire. 

Fire Dangers from Heating Devices. Perhaps most 
deaths from burning are the result of carelessness in 
kindling a fire in a stove. Scarcely a week goes by 
that you do not read in the papers an account of someone 
who used kerosene to kindle the fire and was serious y, 
if not fatally, burned by an explosion when a mixture 
of the oil vapor and air was ignited. Hot stovepipes, 
heaters, or hot-air ducts placed too close to woodwork 
may cause a slow smoldering fire which will spring into 
a blaze when fanned by a draft of fresh air. Ashes are 
never safe when left loose on the ceUar floor or m wooden 
receptacles. Metal containers are the only safe ones. 

The Automatic Electric Iron. Many unnecessary fires 
have been started from electric devices such as irons. 
The automatic electric iron has a device which controls 
the degree of heat. When the temperature gets a few 




How can an electric iron be made safe auto- 
matically? 
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degrees higher than is needed for ironing, the current is 
automatically switched off. When the iron cools a few 

degrees, the current 
is automatically 
switched on. This 
control is brought 
about by means of 
a thermostat con- 
tained within the 
iron. Electric heat- 
ing devices use a 
large electric current 
which is capable of 
starting a fire in the 

, , . wires that are poorlv 

msula,ted or installed. Do not use fuses of 

s^ly installed wires are able to carry 

MisceUaneous Fire Dangers in the House. The 
mtrogen-filled incandescent lamp gives us a more efficient 
light than we have ever had before in the house. It has 
however, brought a hazard with it. It heats to a high 
temperature and may ignite cloth or paper. 

Celluloid articles, inflammable tissue used in decora 
tions, and of course, gasoline and alcohol are always 
hazards. Gasoline and other inflammable liquids should 
be kept in metal safety cans. Another great danger 
rom gasoline IS that the vapor mixed with a certain 
quantity of air will burst into flames and explode if it 
comes in contact with a bare flame, a spark, or a glowing 
coil of. a radiant electric heater. For this reason smok- 
ing should never be done near a gasoline filling pump, 
nor near the tank of a car, and the greatest care should 
be taken to extin^sh all cigarette or cigar “butts.” 
nother fire hazard m the house has come with the new 
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The results of a recent Are at Stamford, Conn. How do you account for such 
widespread deatruction ? 


method of spraying paints and lacquers for refinishing. 
These paints often contain liquids which are inflammable. 
Waste paper and rags are also fire hazards. 

Spontaneous Combustion. Sometimes rags or cotton 
waste are saturated with certain oils, such as linseed oil 
used in paints, and as they dry, the oils combine with 
oxygen, forming heat. Since rags and cotton waste do 
not give off their heat easily, the heat may increase 
sufficiently to reach the kindling point of the materials, 
which will burst into flames and burn rapidly. This is 
known as spontaneous combustion. The loss of many farm 
buildings is laid to spontaneous combustion of hay. 
If the hay is not thoroughly cured or if wet with rain or 
dew when put into the mows or stacks, oxidation takes 
place, and enough heat may accumulate to raise the hay 
to its kindling temperature and cause it to burn. 
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Heating Dangers. The various devices connected 
with the heating of a house offer a multitude of fire 
hazards. Old chimneys may crack, the bricks loosen 
and sometimes a brick drops out, leaving an opening close 
to inflammable materials. In 1929 defective flues cost 
nearly 120,000,000 in fires. Smoke pipes may loosen 
and drop sparks. Wood or paper laid upon a heater is 
another source of danger. Hidden live coals may set fire 
to a wooden container. The best preventive of fires 
from these sources is frequent inspection and efficient 
correction of the defects found. 


SELF-TESTING EXERCISE 

Sdectfrom the following list those words which best Jill in the blank 
spaces in the sentences below and arrange them in prosper numerical ■ 
order. A word may be used more than once. 


phosphorus 

(cerosene 

compound 

matches 


fire 

flame 

explosive 

match 


explosion 

glass 

combustion 

oil 


hazard 

safety 

spontaneous 

box 


The safest match to use at home is called the (1) (2) 

It can be lighted only by scratching it upon the (3) Many 

accidents- and senous fires are caused by using (4) to Vin d le 

es. Damp hay often takes fire in process called (6), (6) 

Ashes kept in wooden boxes make a (7) (8) Gasoline 

vapor mixed with air is a dangerous (9) 


ESSAY TEST 

Julian Is Fieb-Hazabd Insphctoe fob a Day 


neie^OThood^^^T^ Captain to inspect the cellars in my 

all houses ITp™ which allowed me entrance to 

fire hazard. ^ serious 
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1. A wooden trash barrel touching the warm-air furnace. 

2. A stovepipe 3 feet from any woodwork unprotected by 
asbestos. 

3. An empty fire extinguisher. 

4. A lot of rags in a bag hangmg to a brick support. 

5. A number of burnt matches on the cement floor. 

6. A 275-gallon steel oil tank in the cellar. 

7. An electric cord with the insulation badly worn. 

8. A bottle of gasoline on a shelf in the stairway. 

9. A bundle of newspapers drying on top of the furnace. 

10. A leaking gas pipe. 

I turned this report in to the fire captain but he told me half of 
the items in my list were not dangerous. Which five did he aooept 
as fire hazards ? 

PROBLEM IV. HOW MAY FIRES BE PUT OUT? 

Extinguishing Fires. A fire to continue to burn must 
have fuel, oxygen, and a temperature above its kindling 
temperature. Deprive a fire of any one of these essentials 
and it will go out. Three principles underlying the 
methods used to extinguish fires are removal of fuel, 
smothering to keep oxygen away, and cooling. 

Digging trenches and covering combustible material 
with sand in brush and grass fires, back firing in forests, 
and dynamiting buildings in large city . conflagrations 
are methods used to extinguish fires by removal of fuel. 

Methods of smothering depend upon the fire. A kettle 
of burning fat may have a metal cover placed over it 
and a wet cloth placed tightly over that. If a person’s 
clothing is on fire, he may be rolled up in a blanket or 
large rug. Steam or carbon dioxide, if available, may be 
discharged upon a small fire and remove the oxygen 
effectively. 

Water is the most universal fire extinguisher. It has 
many properties which favor its use. It can be thrown 
long distances in a steady stream. It is non-combustible. 
One pound of it has greater cooling effect than the same 
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ieht of any other common substance. On changing to 
it increases 1700 times in volume. The change 
from liquid to steam absorbs a large amount of heat, thus 
adding to its value as a cooling agent. The steam also 
tends to smother the fire by excluding air. 


3. How to Extinguisli Buming Liquids. 

Lard, gasoline, evaporating dish, ring stand, heavy 

rloth carbon tetrachloride, and test tubes. 

Method and Observations. A. Heat a teaspoonful of lard in an 
Bvauorating dish. Set the lard on fire. Pour two or three drops 
of water from the test tube into it. Cover the dish with a wet 
■ cloth What happened when water was dropped into hot fat? 
What happened when the flame was covered with the wet cloth? 

B Pour a tablespoonful of gasoline into each of two evaporating 
dishes in a shallow enamel pan. Set them on fire. Pour water 
into one and carbon tetrachloride into the other. Does water 
extinguish burning gasoline readily? Does carbon tetrachloride? 

Condudona. What is your conclusion regarding one effective 
method of extinguishing burning fats? burning gasoUne? 


The Hand Chemical Extinguishers. The carbon tetra- 
chloride, the foamite, and the carbon dioxide fire ex- 
tinguishers are types of chemical extinguishers suitable 
for use in the house, the school, and the shop when the 
fire is small. 

The carbon tetrachloride extinguisher is a small con- 
tainer to which a force pump is attached. When the 
container is opened, and the pump works, a stream of 
liquid is thrown out which changes to a gas when it 
strikes the flame and smothers the flame. Whenever 
this extinguisher is used, take care not to breathe the 
fumes given off by it, for they are very harmful. This tjpe 
of fire extinguisher is particularly valuable for putting 
out small gasoline and oil fires where water would spread 
the fire. 

In the foamite extinguisher two solutions^ are kept 
separate until used. Solution 1 contains sodium bicar- 
bonate and an extract of licorice root. Solution 2 




I 

BipWn why the principle used In the right-hand 
dlagrfltn Is so effectlvse 
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oontaiiis alburn sulphate. When the ffittmeniah,, ■ 
mTerted, the two solutions nux and set fine t£t^ 

dioxide, which makes 
sufficient pressure to 
force the liquid out. 
The carbon dioxide 
escapes in the form 
of fine bubbles with 

a tough film produced 

by the licorice ex- 
tract. The carbon . 
dioxide is held in 

the burning surface and excludes the air. This^t^oM^S 

the most effective means yet devised for fighting oil fires^ 

a extinguisher holds^two and 

a hS one and 

nail pounds of baking soda (sodium bicarbnT 1 n+a^ 

and an^ 8-ounce bottle containing 4 ounces of stmn ’ 
^phuTio M is s^dad above the solution ^ 
ingui^er is mverted, the acid mixes with the soda 
solution and produces carbon dioxide gas This 
creates such great pressure that the liquid^ ' ® 

IS frequently forced out through the hose 
to a distance of 40 to 50 feet. 

Fire Protection in PubKc Buildings. 

EvCTy year, thousands of people lose their 

buildings, 

mclutog schools, are destroyed. Everv 

public building ought to be equipped with 
private fire-alarm system, and in schools 
fins system should be arranged so that it 

fi^ when How would you 

fire drills are held. Most fires that occur 
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air aTiamber 


■to hose. 


in schools originate in closets or in the basement ; there- 
fore these parts of the building should be equipped with 
an automatic sprinkler system. 

City Fire Engines. In most fire departments we find 
two kiuds of engines, the chemical and the motor pump. 
The chemical is usually 
the first to arrive at the 
fire and is able to ex- 
tinguish a small fire. It 
Is really a large carbon 
dioxide fire extinguisher 
in which a solution of 
sodium bicarbonate and 
concentrated sulphuric 
acid is used. In the 
motor pump, the gas 
angiTiR which drives the 
auto truck is made to 
drive a powerful double- 
acting force pump . This 
force pump draws water 
from any source — hy- 
drant, wells, or rivers — 

and will throw a stream of water more than one hundred 
feet. The action of the pump can be seen by studying 
the figure above, which shows how the piston rod of the 
engine is joined to the piston of the pump. 



Wliy is tbis cBUed a double-acting pump? 
Explain bow It worka. 


Demonstration 4. To See How the Force Pump Works. 

Materials. Glass model force pump with air chamber, shallow 

jar, or basin. , 

Method and BesiiUs. Operate the pump. Watch the valves. 
Explain the action. What seems to bo the purpose of the air 
chamber? 

Fire Boats. The waterfront of New York measures 
about 578 miles, or a distance equal to that from New York 
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Wiie iVoM 

A bad fire on the jNav York waterfront. What are the advantages of Are boats 

hero? 


to Cleveland. Many fires occur along the wharves and 
upon boats tied to the piers. It is essential, then, that 
large port cities, like New York, Baltimore, or San Fran- 
cisco, have fire equipment to use not only on the land but 
also on the water. An opening for fighting many of 
these fires is better secured from the water side. For this 
purpose the fire boats have been developed. The boats 
have such powerful equipment that at a recent fire on 
a bridge, a fire boat on the water below threw a stream 
of water 136 feet high and extinguished the blaze. 

SELF-TESTING EXERCISE 

Select from the following list those words which best fill the blank 
spaces in the sentences below and arrange them in proper numerical 
order. A word may he used more than once. 

tiitrogen carbon ■washing can 

soda hydrogen ammonia temperature 
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salt kindling safety sprinkler 

ohemioal fuel smothering candle 

electric water baking open 

oxygen tetrachloride licorice bottle 

Every fire requires the gas (1) which is present in the air. 

The process of extinguishing a fire by excluding air from it is called 
(2). A fire will go out if the temperature of the burning sub- 
stance falls below its (3) (4) The three essentials for a 

fii-e are (5) , (6) , and keeping the (7) above the kin- 

dling point. An extinguisher well suited for putting out gasoline 

fires is that which uses (8) (9) The carbon dioxide which 

produces pressure in one type of extinguisher is produced by the 

interaction of sulphuric acid and (10) (11) The safest 

illumination for the Christmas tree is the (12) light. Gasoline 

if kept in the house should be kept in a (13) (14) 


ESSAY TEST 

Alice Rbpobts on Heb Teip to the Fibb Station 

JicQid cQiTcfully QiTid CThtxcdLVy » 2/ist oXl the bttots and s'UQycst^ 
correctiona. 

The fire chief gave mo a lot of information and also asked many 
questions. First he asked, " What is the best all-round fire extin- 
guisher?” I said, “Water.” "Right," he said, “but there are 
times when it is unsafe to use it.” I asked, “ When ? ” He replied, 
"Water must never be used when burning oil is where it can set 
fire by spattering. A stream of water must never be used where it 
will touch bare electric wires carrying high voltage." 

He then showed me how they loaded a carbon dioxide extin- 
guisher. He filled a small bottle full of dilute sulphuric acid. He 
filled the extinguisher full to the top with a solution of common 
salt. He set the acid bottle in a little cage in the cover which was 
screwed tightly on. He poured some carbon tetrachloride out on 
water to show it will float on water. Because it floats it extin- 
guishes flame by smothering it. He made a diagram to explain 
the pump on their engines. This was diflficult but it seems 
the pump pulls water out of a hydrant and atmospheric pressure ■ 
causes it to go out the delivery pipe with great force. 


a. & w. SOI. 11—12 
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THE REVIEW SUMMARY 

In preparing a summary of what you have found out in this linif 
you will want to place emphasis on the big ideas which have on™'’ 
from the applications of the facts you have learned and the deiM * 
Strattons you have seen. Doubtless you have done some additio^i 
reading which has helped you put together some of the facts intn 
g6]i6ralizations or fundamental underlying principles. For +li' 
unit some of these generalizations are : ' 

1. Heat can be transported by storage in air, water, and steam 
to places remote from its origin. 

2. Unequal expansion of different materials makes noasibU 

automatic control of temperature. possible the 

air^suS a fuel is controlled by regulating the 

4. Enormous fire losses result from the careless acts of man 
0 . Fire-extinguishing devices generally aim to out off the’ hit 
supply or to cool the burning material. 

Before making your review summary for your workbook, test 
your knowledge of the facts of the unit by checking over the text so 
as to be sure you know the facts underlying the science prinoSles 
or generahzations. Then, using this material and everything you 
ave read, seen, or done yourself, make your summary outline 
This outhne you may use when you make a recitation. 

TEST OIT FUNDAMENTAL CONCEPTS 

In a vertical column under the heading cobebct write numbers of 
aU etatements you believe are true. In another column 

COKEEOT wn,te numbers of the faiae statemenU. Your grade - 
right answers X 2. ^ ~ 

u requires : (1) carbon dioxide, (2) oxygen, (31 an innnm 

bustible material, (4) inflammable material, (6) heat ^ 

.u-a V ° ^ burning in the fireplace, the room is wanned 

®f= (8) conduction, (7) convection, (8) radiation 
(0) circulation of air, (10) oxidation. ^ raaiaraon, 

y?“““]f?*>«niedinastovetowarmaroom; ( 11 ) less 

than i cf the heat from the fuel warms the room (121 about TS 
per cent of the heat passes out the chimney, (13) about -f- of the heat 
13 given to the room, (14) all the heat the room gets k by radiatiof 
(15) conduction largely helps in warming the rooim ’ 

are- (10?1 ^ f“™ace 

.Will M ‘ («) • 



HOW MAY FIRES BE PUT OUT? 


163 


y, A steam-heating system requires the use of : (21) a thermo- 
stat (22) an expansion tank, (23) larger radiators than for hot 
water, (24) a safety valve, (25) a water gauge. 

VI. Heat may he eflSciently carried from a central heater to all 
parts of a large house : (26) when it is stored in steam, (27) by 
radiation, (28) by convection air currents, (29) by conduction, 
(30) when it is stored in water. 

' VII. To got a hot fire as quickly as possible : (31) add a lot more 
coal ■ (32) open draft in ash pit ; (33) open check in stovepipe ; 
(34) open damper in stovepipe; (35) close check draft of fuel 
door. 

VIII. The flame from a Bunsen burner is: (36) clean and 
nearly colorless when the air inlet is properly adjusted ; (37) smoky 
when much air is admitted ; (38) likely to strike back when air is 
almost aU cut off; (39) hottest when incandescent (giving out 
light) ; (40) produced by chemical action. 

IX. To prevent fire hazards in the home : (41) allow no cracks 
in chimneys; (42) allow no worn insulation on electric wires; 
(43) see that steam pipes insulated with asbestos do not touch the 
plastered wall; (44) see that hot-water pipes do not touch any 
woodwork ; (45) have inflammable rubbish quickly removed. 

X. The principles underlying fire extin^shing are: (46) re- 
moval of combustible material; (47) stopping 'of convection cur- 
rents; (48) shutting off the supply of oxygen; (49) cooling below 
kindling temperature ; (60) living near a hydrant. 


PRACTICAL PROBLEMS 

1. There are four draft controls on a furnace. 

(1) Draft in ash-pit door (2) Check draft in fuel door 

(3) Damper in smoke pipe (4) Check draft in smoke pipe 


Copy the form given below and record in the blank spaces what 
you would do to the controls in each case, using the terms : open, 
closed, 'partly closed. 






. 4 

1. To start a fire 

2. To keep a moderate fire . . . 

3. To cool an overheated furnace . 

4. To keep the fire over night . . 

1 

1 

1 
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2. How can you remove grease spots without danger of fire ? 

3. How would you clean out a coal range to make tlie oven bake 
better? 

4. Find out the names of three commercial fire extinguishers and 
learn the principles upon which ^ch puts out a fire. 

5. Suppose you discovered a bad fire in the cellar. Tell in detail 
just what you would do. 

INTERESTING THINGS TO DO, READ ABOUT, OR SEE 

1. The coal range, how it is constructed and operated. 

2. Paper-bag cooking. 

3. Removal of fire hazards from my home. 

4. Borrow from the gas company different types of burners and 
give a " lecture " to the class upon them. 

5. Fireproof construction. 

6. A visit to the fire station. 

7. Report on a popular science book I have read. 

SCIENCE FOR LEISURE TIME 

1. Collect from the newspaper clippings about fires for a period 
of 4 weeks. 

2. Collect pamphlets ou heating devices. Prepare a booklet 
and show all the different types of heating devices. 

3. A fire extinguisher. Prepare an appa- 
ratus like that shown in the drawing. Put 
a solution of baking soda in the large bottle, 
and sulphuric acid or vinegar in the test 
tube. Fasten the stopper in tightly. Even 
then it may leak, so wrap a cloth around 
the mouth of the bottle and stopper and 
hold it in place. Invert the bottle, and 
direct the nozzle into the sink on some burn- 
ing material. 

4. Make a collection of heat-insulating 
materials for your personal science museum. 

5. Make a fire-hazard score card form for 
the home and see how your home scores. 

SCIENCE CLUB ACTIVITIES 

1. A Carbon' Dioxide: Racb 

Boys and girls who enter this contest must construct a trough, 
through which the carbon dioxide is to run. This may be of wood 
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tiin. Set the trough at an angle of 45“ from the horizontal. 
Christinas candles cut to 1 inch in height are placed upright in the 
trough at intervals of 6 inches. Each pupil is provided with a large 
battery jar and cardboard cover. One heaping tablespoonful of 
goda is placed in each jar. To this is added 36 cc. of dilute 
hydrochloric acid. The cover must be kept on the jar to prevent 
the loss of carbon dioxide. The candles are all lighted. At the 
signal —one, two, three, go — each pupil opens the jar, and pours 
the gas into the trough at the top. The one that extinguishes the 
largest number of candles wins. In case of a tie, play it off by 
starting with smaller jars of carbon dioxide. 

2. Invite a fireman from your locality to attend one of your 
meetings and to tell some of his experiences. 

3. Elect a committee to take charge of the science bulletin 
board for a week. The committee may decide what topic relating 
to heat it will emphasize. 

4. Consult a dealer in oil burners. Get diagrams. Explain to 
the club members just how the oil burner operates. 
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SunVBY QufflBTIONB 

^ero does the sky get its light? 

the moon? an electric light T 
Do you know what artificial lieht 
was used a thousand years ago? 
How has home lighting developed 
with (he evolution of the home? 
What do you understand by “good 
ilome lllutnination ** ? “ 

How is illumination measured? 
^y are lamp bulbs frosted? 
^^p“p®eant by “a gas-fllled 

Do you Imow how Indirect lighting 
IS produced ? “ s 

What is the history of street light- 

uig? 

Is street lighting worth all it costs? 





UNIT VI 


light in home and community 

PREVIEW 

Artificial light has been used since the beginning of 
civilization. Over 6000 years ago pitch and resin were 
often burned in vessels, and in Greek and Roman times 
the use of oils in open lamps was usual The use of wicks 
in oil is as old as the pyramids of Egypt. When oil first| 
came into use, it burned with a smoky fiame, but m 1783,. 
Argand, a Swiss physician, made a lamp with a cylin- 
drical wick having a central draft. This burner made a 
clean smokeless flame. Petroleum was first introduced 
for li ghting purposes in 1859 and grew so rapidly m use 
that, in 1860, 2,000,000 barrels were used. Today in spite 
of advances in science petrolerim is stfll used in m^y 
places where gas or electricity is not available. A few 
years ago gas lamps were commonly used with a mantle 
which would glow when heated, thus producing a w^te 
light. Such Welsbach lamps are used in our camps today 
where we use gasohne under pressure. _ But the light that 
has come into common use today is electricity.^ ine 
story of the invention of this light by Thomas Edison is 
well known. He worked many years, spent hundre^ 
of thousands of doUars, and made thousands of experiments 
before his first successful lamp was finally produced m 
1879. In this he used a carbon filament made from 
thread. Later he made a filament of bamboo, but now 
metal filaments are used, tungsten being the best metal 

for this purpose. 
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The story of street lighting is interesting. In 1416 
the lord mayor of London ordered all prosperous citi- 
zens to hang lanterns in front of their homes to serve as 
street lights. For three hundred years householders were 
obliged to hang lanterns in front of their houses during 
the winter evenings. Forgetful people were reminded 
by the passing watch with these words : 


Light here, maids, hang out your light, 
^d see your horns be clear and bright, 
oo that your candle clear may shine 
Continually from six to nine, 

That honest men may walk along. 

May see and pass safe without wrong.” 


In 1698, a law was passed in New York to the effect that 
each seventh house should hang out a light on a pole. 
Previous to that time the only street Hghts were those 
that came from the windows of houses. In 1774, the 
city of Boston purchased about four hundred lamps from 
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England. In the latter part of the eighteenth century 
London was well lighted with oil lamps having wicks and 
glass chimneys. Street lighting by gas was introduced in 
En glaTid in 1807, and in Baltimore, Maryland, in 1817. 



Copy this diagram for your workbook and place dates against each method of 
lighting to show the period of greatest use. 


Today oil has been given up for street lighting. In a few 
places where natural gas is abundant it is burned in 
mantle burners. This is the age of electricity and 
most of our cities today are lighted by that means. 
Electricity was first used for street lighting in 1879 when 
twelve arc lights were installed in a public square in 
Cleveland. 

Before you turn to the study of your unit think back 
to the science principles you learned last year about light. 
There are several important facts that you then learned 
about light as follows : 

Science Peinciplbs 

1. Li^t travels in straight lines with tremendoils 
speed. 

2. Light rays may be bent by reflection and re- 
fraction. 

3. Light produces important chemical changes. 

With these facts as a foundation we can build on them 
with the material you will now take up in the three prob- 
lems of this unit. 
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PROBLEM I. WHAT DETERMINES NATURAL LIGHT 
IN THE HOME? 

Light from the Sky, a Factor in Lighting. We have 
already learned that sunlight is diffused by dust particles 
in the air. The light from the sky is only about j;55i;555 
of that of the sun, but it is of the greatest importance to 
us. In country homes not all rooms are directly lighted 
by the sun, and in the city apartments very few rooms 
have any direct light. Diffused light is all that comes to 
us there. Sunlight is of utmost importance to us not 
only because it illuminates objects, but because it benefits 
health, for direct sunlight destroys harmful bacteria. We 
also have learned recently that sunlight contains the 
ultra-violet rays so necessary to health. We must re- 
member, if we live in the country, that too much shade 
and too many trees are as bad as too few, and that we 
ought to get some direct sunlight at some time of the day 
in our living rooms and bedrooms. 



Courieiu Ocneroi Bledric Co. 

Contrast the Ught here with the picture on the opposite page. The intensity ol 
light here is 10,000 foot candles. 
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Ite InteDBlty of light here Is 10 foot candles. Do you think this is sufilcient 
lUuiDlnation 7 How can the eye adjust itself to such widely different intensitieB of 

light? 


Control of Sunlight in a House. Good house planning 
demands that an area equal to ^ to of the floor space be 
given to the windows, and that a house should also be 
placed so that living rooms and bedrooms get some direct 
Bimlight. Bedrooms may have an area legs than -J- of the 
floor space devoted to windows, but should not have 
window hangings and draperies because they catch dust 
and bacteria, and also cut off some air. The wall paper 
and woodwork ought to be light in bedrooms, and the wall 
coverings should be smooth so as not to collect dust. 
As a rule the ceiling should be lightest, the walls a little 
darker, and the floor still darker to get a good distribution 
of light in the room. White walls reflect 76 per cent of 
the light, brown walls only 22 per cent, while olive green 
walls reflect only 14 per cent. The amount of light 
entering the room can be adjusted by shades, blinds, 
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or awnings. The Venetian 
or porch blind, is a con' 
venient type as it cuts off 
the sun’s raya without 
preventing circulation of 

air. 

Light in the City Home. 
It has been found that 
only 10 per cent of sky 
light passes through a 
window if the light strikes 
it at an angle of 10 degrees 
while 90 per cent goes 
through if light strikes it 
Which aide of this building will have better 8'!' S-Il angle of 90 degrees 
lighting and wh,^ buildings On narrow 

_ streets the angle at which 

light strikes the windows is an important consideration 
Tall buildings cut off 
direct sky light and cause 
the light that reaches the 
windows to come at such 
an angle that very little 
comes through. The 
color of surrounding 
buildings is also an im- 
portant factor. If a 
near-by building is of red 
brick or dark stone, it 
will reflect but little light, 
while a white building 
will reflect a large 
amount. Smoke and fog 
may cut off much light, 
especially in winter. 



the ether rooms ? Eijilahi. 
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light ia lower rooms which are not favorably located can 
be increased many times by using either prism glass or 
ribbed glass. This glass refracts the sky light and gives 
it to the room as seen in the illustration. (See room 2.) 

SELF-TESTING EXERCISE 

Select from the follovdng list of words those which beat fill the blank 


mces 

in the sentences below and arrange them in 

proper numerical 

order. 

A. word may be used more than once. 


over 

tall 

sun 

indirectly 

under 

keep 

harmful 

direct 

aky 

pass 

beneficial 

above 

lowest 

light 

greater 

moon 

less 

directly 

across 

stars 


The (1) we get from the sky is really light coming to us 

(2) from the (3) Some (4) sunlight is (5) to 

man. The greater the angle between a ray of light and a window- 

pane the (6) the amount of light which passes through. In 

cities, (7) buildings may (8) much light from the (9) 

from entering the windows of the (10) apartments. 

ESSAY TEST 

Victor Has Lived in a Tall Apartment House 

Utad carefully and critically. I/ist all the errors and suggest 
corrections. 

Daylight in an apartment house is quite diiferent from that in a 
single house in the country. In the firat place, the sun never shines 
into any apartment in a large city. All the daylight one gets is 
sky light. Light from the sky is only ■j- as bright as sunlight and 
for that reason apartments are dark. Some rooms in our apart- 
ment do not even get any sky-light, we have to use artificial light 
there aU the time. There is no way of improving the lighting of 
rooms on the lower fioors of tali apartment houses. 

PROBLEM II. HOW DO WE SECURE GOOD 
ARTIFICIAL LIGHTING? 

How We Measure Intensity of Hlumination. A good 
many years ago scientists began to measure the intensity 
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or brightness of a Kght in units’ of condZe power. The 
standard candle agreed upon was a sperm candle which 



Wbat unit does this cut show ? 


bi^ed at the rate of 120 grains per hour. This unit is 
still used to measure intensities of lights. It is not so 
much the brightness of our light at its source as it is the 
am(mnt of illumination upon our book or our work that 
is important.^ In order to measure illumination, the 
foot mndle unit has been agreed upon. A foot candle is 
the intensity of illumination given by a standard candle 
at a distance of one foot. If the light falUng upon this 
page equals that given by six standard candles one foot 
away, the illumination is sbc foot candles. 

Intensity of lUumination and Distance. Have you 
noticed that the intensity of light on the page of a book 
varies with the distance from the lamp which gives the 



What law doee this cut Illustrate ? 


light ? Light travels in straight lines, and therefore when 
it passes from a point through a one-inch-square opening 
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at one foot distance, it will cover an area two inches high 
and two inches wide, or an area of four square inches at a 
distance of two feet from the light. On one square inch 
at the two-foot distance there will be only one fourth the 
amount of light. Therefore, if we double the distance 
from the light, the intensity of illumination will be one- 
fourth as great, and at three times the distance, the illu- 
mination will be one ninth as great. This principle may 
be stated as a Law of Inverse Squares : Other conditions 
being equal, the intensity of iUwninaiion upon any surface 
varies inversely as the square of its distance from the light. 

How Much lUmnination Is Needed. We have seen 
that the iris acts like the diaphragm in front of the camera 
lens. It cuts off light or lets more in, depending on the 
time of day and the intensity of light. For reading, 
Tvriting, or housework, three to six or more foot candles 
are desirable. If we are sewing on white goods, eight 



Courtasi/ OeTural Ellectric Co, 

By means of the eight meter It Is possible to determine the exact Intensity of 
Ulnmlnation we are using. 
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foot candles are needed, but on dark materials, twelve 
or more foot candles are required. The amount of light 
needed in a given room will vary from time to time accord- 
ing to our use of the light. The amount of light on a given 
surface can easily be tested by means of a simple instru- 
ment known as a foot-candle meter. The following table 
may suggest acceptable illuminations for your home. 



DESIHitBLE 

Miimirai 

Hall and Btaivwaya . 
Living and dining- 

2 to 2.5 foot candles 

1 foot candle 

room 

4 to 8.0 foot candles 

2 foot candles 

Sewing room . . . 

8 to 15.0 foot candles 

5 foot candles 


The illumination in foot candles recommended for use 
in schools is as follows : assembly room, 4 to 6 ; class- 
room, study room, and office, 6-10; cloakroom, 2-4; 
corridor, 1-2; drawing, 10-20; laboratory and manual 
training, 8-12. 

What Power of Light to Use. Suppose you need four 
foot candles of illumination for work five feet from the 
source of light, what power light is required? A four- 
candle-power lamp gives four foot candles at a distance 
of one foot, but according to the law of inverse squares, 
■sV much at five-foot distance. There we need 
26 times as much fight, or a 100-candle-power lamp, to give 
the required illumination. A 100-watt electric tungsten 
lamp will give 100 candle power, but because low-powered 
lamps are less efficient, four 26-watt lamps "will give a total 
of only 80 candle power. Nevertheless, in some rooms 
the li^t of the four lamps well distributed may give better 
general lighting to the room than the single lamp. 

Best Sources of Artificial Light. A generation ago 
we would have mentioned oil and gas as important, but 
today electricity is king. A good many country hoTne a 
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jjflt ceunected with power still use kerosene lamps. Of 
these the type with the circular burner, the Argand type, 
gives the best light. Gas has been 
giyenup almost entirely except in 
j few coinmunities where natural 
gas is cheap. Here the Welsbach 
mantle is used to give a white light. 

The camp lamp which uses kero- 
sene or gasoline under pressure 
sprayed into a Welsbach burner 
gives a steady light not influenced 
by wind and rain. This type of 
light is used in many isolated 
homes. With the development of 
the incandescent light, electricity 
has become the most used illuntii- 
nant in our homes. 

Tungsten Lamps. We have two 
types of electric lamps today, the 
vacuum and the gas-filled. The tungsten filament placed 
in bulbs gradually throws off particles of vapor which 
you all have seen in the darkened color of an old bulb. 
The hig hfir the temperature the greater the amount of 
vaporization , of the tungsten. But the higher the tem- 
perature in the bulb the greater is the quantity of electric 
energy changed to light. The presence of nitrogen or 
argon gas in the bulb exerts pressure on the filament, 
thus reducing its vaporization. This allows operation 
of the light at a higher temperature and increases the 
efiSioienoy of the lamps. The vacuum-type lamp changes 
7 per cent of the electrical energy into light while 
the gas-filled type changes 10 per cent. The higher the 
temperature at which the lamp is operated, the whiter 
the light. The photoflood lamps now used to take indoor 
photographs are operated at much higher temperatures 
H. i; w. sen. n — 13 


GOa ancC 
^Votte.r' Vapor* 



airentexs 

Explain wUy this lamp burns 
without smoking. 




THOMAS ALVA EDISON, 184.7-19ai 


gOBN In a little town in OUo, Edison as a boy showed Uttle 
promise of what he was to be. Ho was, however, always busy, 
and a great reader. At the age of 12 during the CivU Wap, he was 
a train boy on the Grand Trunk Railroad, and published a smaU 
paper which was mentioned by the London Timoe as being the 
only newspaper ever printed on a train. At 16 years of age, he 
learned telegraphy, and became a telegraph operator. From this 
tme his career of invention began. Ho soon had improved methods 
of sendmg telegrams, his most important invention being a quad- 
mple* syst^, by means of which messages could be sent in 
both directions at the some time. At the age of 21, he had in- 
vented a machine that, with improvements, later became our stock 
market ticker. He invented the phonograph, the microphone, the 
bat^used m the electric automobile and various improvements 
mdeotneal engineering But we remember him best as the Wizard 
of Menlo Park, and the inventor of the incandescent electric light. 
An inveterate worker, in spite of his handicap of deafness, he be- 
came the most successful and best known inventor of hie time. 
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than our ordinary bulbs, and for this reason they are 

short-lived. 

Methods of Lighting. Several methods are used in 
lighting the home. In direct lighting, the light is thrown 

7 

i 

I 


Direct lighting Indirect lighting Semi-lndlrect lighting 

Which of the three methods do you consider best for your living room ? For the 
kitchen ? For a schoolToom 7 

from the lamp or a reflector to the place where it will be 
used. Direct lighting is economical because little light 
is lost through diffusion or absorption, but it causes a 
glare. In indirect lighting, an opaque reflector throws the 
li gh t rays upward against a white or light-colored ceiling 
from wliich the light is diffused through the room. It is 
not an economical method, but very restful to the eyes. 
In semi-indirect lighting, a globe for the lower half of the 
light is made of frosted glass, capable of reflecting and 
diffusing light, while the upper part of the globe has clear 
glass through which light passes to the ceiling and is 
diffused throughout the room. This is probably the 
best method of lighting for most work. 

Concealed Light Sources. If one does not need to 
consider the cost, an indirect lighting system in which 
aU units are concealed will give pleasing results. Many 
modern houses are now being built with recesses in 
the walls or ceiling so that lamps may be placed out o£ 
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sight and light reflected into the room or radiated throufJ, 
diffusing glass. Such lighting often gives very beautiful 
S^ed^ ^ because of the very even illumination 


Danger from Glare. When the source of light is ao 
placed that direct light shines into the eyes, the iris con- 



tracts so as to protect the eye and may cut off so much 

if w headaches and 

J disturbances. Smooth paper or smooth 
Bhiny surfaces may have the same effect. The position 
m which one holds a book in reading is of much importance 
became of the possibility of glare. FUckering light causes 
^stoain by cal^g upon the eye for continual readjust- 
S the reason we should not read in such a 

hght or when traveling m railroad trains or autos. 


SELF-TESTING EXERCISE 

Select from the following list those words which 
ira the sentenc^ below and arrange them in 
order. A word may be used more than once 


direct 
indirect 
semi-indirect 

higher 

lower 


half 

boil 

vaporize 

six 

two 


cooled 

heated 

three 

foot 

fourth 


best fiU the blatdi 
prop&r numerical 

illumination 

power 

more 

most 

candle 
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The unit for measuring brightness of a light is (1) (2) 

The unit for measuring the intensity of illumination is the (3) 

ui . If I move from 3 feet to 6 feet from a light, I shall get 

only one (5). a.s much (6) Gas-filled lamps are (7) 

effioient than vacuum lamps because the filament in them can be 

/Q\^ to a (9) temperature and not (10) Of the 

jn important methods of electric lighting, the (12) is 

most economical, but the (13) is best for general lighting. 

ESSAY TEST 

■ Agnus Tell's of Lighting in Hek Home 

Read carefvUy and critically. List all the errors and suggest 
ameetions. 

We have electric lights in our house — some 60-watt vacuum and 
some 60-watt gas-filled lamps. But all 60-watt lamps give the 
same amount of light. 

I find that a 60- watt lamp gives me plenty of light 3 feet from it 
but at 6 feet from it I get only half as much light and that is not 
enough as I have found by experience. In the dining room we use 
the indirect lighting with a single large lamp hanging down over 
the center of the table. 1 find that 1 can study perfectly well when 
f pmn g a 100-watt frosted lamp. It is quite easy to understand 
this : the bright light closes the iris so that not enough light can get 
in the eye to harm it. 

PROBLEM HI. WHAT LIGHTING IS DONE BY THE 
COMMUNITY? 

Reasons for Lighting Streets. Anyone who has had 
to go through the dark streets of some area in a town in 
which the lighting was poor, and who has compared this 
experience with that of walldng on a modern “main 
street,” knows that there are good reasons for street 
lighting. Good illumination results in increased and 
safer traffic, more trade in the stores, greater property 
value, decrease in crime, and decrease in accidents. A 
large insurance company recently made a survey of 
46 cities having a population of over 25,000,000. Out 
of this number, 392 fatal and 10,177 non-fatal accidents 
in these cities were found to be due to inadequate street 
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lighting. Detroit attempted to save money recently 
during the depression by cutting out 2000 street ligh^ 

■ i and dimming others 30 per cent. 

■ At the end of 10 months, daytime 
traffic accidents had decreased 22 
per cent, while night traffic acci- 
dents increased 23.3 per cent 
Similar results were obtained from 
San Francisco, Chicago, and other 
cities. Not only did traffic acd- 
dents increase with poorly lighted 
streets, but crime also increased to 
a very great extent. In 1931, San 

lighted streets Detroit had “ miles 01 J3ay Shore Boulevard, 
this result. As a result night accidents there 

. decreased 40 per cent. Several 
autnorities claim an economic saving of 1100,000,000 a 
year might come from the increased lighting of streets 
which would bring about a de- ' 


crease in crime and traffic acci- 
dents. 

What Constitutes Oood Street 
Lighting. Some of the earliest 
light came from electric lamps 
placed on tall poles. These gave 
a faint light over a large area. 
Then came a period of arc light- 
ing in which there were spaces of 
intense light and spaces of much 
darkness in the street. The 
best street lighting is that where 
the illumination is quite even 
with no deep shadows and with 
absence of glare. Reflectors 



The results on the Bay Shore 
Boulevard, San Francisco, be- 
fore .and after lighting. 
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Two types of street lighting. Which do you consider better for night driving 

and why ? 

which spread the light in ovals instead of circles along 
the street give greater efficiency and effectiveness in 
lighting. Business streets outside of window and sign 
lighting should have 1 to 2 foot candles and the residen- 
tial section to 1 foot candle. In the country, the 
present standard of street illumination is only 0.05 to 
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0.2 foot candles. 



. Wmaeu McBat 

This interesting picture was made by pointing 
tte camera towMd the top of this building 70 
stones or 862 feet high. How far is imu- 
minated bp the flood lights? Where would 
these lights be placed ? 


In.i densely populated areas electric 
wires should be kept 
under ground in con- 
duits, as are telephone 
wires. These under- 
ground cables prevent 
broken wires in storms 
and also make for 
beauty. 

Beauty a Detail in 
Street Lighting. While 
efficiency and utility 
should be first consid- 
erations, modern com- 
uiunities also must 
consider beauty as well 
Ornaniental fixtures 
cost little more then 
ugly ones and may give 
the city enough attrac- 
tiveness to repay in a 
financial way the eirtra 
cost. Compare a city 
street in which the 
wires are overhead and 
the fixtures plain and 
ugly with the street 
where ornamental 
stands are used with a 
group system of light- 
ing and underground 
wires. In many towns 
the value of property 
along streets properly 
lighted increased 60 per 
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cent after the introduction of adequate and ornamental 
street lights. 

Flood Lights. In late years flood lights have been 
used particularly to show off beautiful buddings and 
public monuments. The flood lighting of such buildings 
as the Empire State Building, Radio City, or the Pasadena 
City Hall, and hundreds of others in this country, gives 
economic as well as aesthetic value. Flood lights are 
also used in parks and athletic fields for night games. 
The Wrigley field in Los Angeles, used for night baseball 
and football, has 144 flood lights, giving an illumination 
of 40,000,000 candle power. 

SELF-TESTING EXERCISE 


Sdecl from the following list of words those which best fill the blank 
spaces in the sentences below and arrange them in “proper numerical 
order. A word may be used more than once. 


beautiful 

common 

beauty 

community 

ugly 

crime 

accidents 

attention 

water 

government 

person 

asset 

gas 

money 

business 

regular 

post 

design 

fixtures 

decreases 

mcreases 

oil 

wires 

harmful 


Good street lighting is an (1) to any (2) because it 

(3) traffic (4) , reduces (5) , and increases (6) 

Before electric lighting was so (7) many cities used (8) for 

lighting the streets and before that (9) lamps were used. 

Much (10) is given today to the (11) of lamps and lamp- 

posts. The lighting (12) may just as well be objects of 

(13) as to be unsightly or (14) in appearance. 

ESSAY TEST 

Will Ezra. Bb a LiarraiNG Ehoinebii Some Day? 

Read carefully and critically. Inst all the errors and suggest 
corrections. 

1 have read a good deal about street lighting. People were once 
required to light the street in cities by hanging burning candles on 
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poles from their windows. Oil lamps on posts came next Th 
could not be depended on if the wind blew as the lights woulrf ' 
out. Gas was then used, but if the gas flame was bloW out n 
would be poisoned by the escaping gas. Then came eleotriVt 
but the use of individual lights on posts at intervals makes it 
light near the lights and very dark between them. Besides if 
are shade trees along the street, the lights will be of very little™*^ 
Modern lighting will sometime find application on our streets'*™T 
, would suggest a long glass tube be centered over the streets i 
run the length of our streets. These tubes can be made to ' 
out light just as the tubes in advertising signs do, but they 
give white rather than red or blue light and the tubes e4uld tw 
larger. This would give an even distribution of light. ” ™ 


THE REVIEW SUMMARY 


In preparing a summary of what you have found out in this 
unit, you will want to place emphasis on the big ideas which have 
come from the applications of the facts you have learned and the 
demonstrations you have seen. Doubtless you have done some 
additional reading which has helped you put together some of the 
mots into generalizations or fundamental underlying principles 
For thiB unit somo of these generalizations are : 


1. The sky is an important source of natural light. 

2. The illumination we receive depends upon the brightness of 
the source of light and our distance from it. 

3. A glare of light produces eye strain. 

4. Street lighting and flood lighting are valuable assets to anv 

community. ^ 


Before making your review summary for your workbook, test 
your knowledge of the facts of the unit by checking over the text so 
as to bo sure you know the facts underlying the science principles 
or generalizations. Then using this material and everything you 
aye read, seen, or done yourself, make your summary outline, 
Inis outline you may use when yon make a recitation. 


TEST ON FUNDAMENTAL CONCEPTS 

In a vwtical column under the heading corbbct write numbers 
Of alt statements you believe are true. In another column under 
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ISCOBBBCT write numbers of tile false statements. Your grade = 
figU answers X 3^. 

I. The sky gives light because : (1) the particles of air give out 
light; (2) dust particles reflect and diffuse sunlight; (3) small 
Bartioles of moisture diffuse light ; (4) air is transparent ; (5) there 
b nothing to hinder it from doing so. 

II. Sunlight in the home may be controlled by : (6) the loca- 
tion of the study desk ; (7) the size of the -window ; (8) the number 
of people using the light; (9) window shades and curtains; 
(10) color of the walla of the room or of adjacent buildings. 

^ III. The illumination on my book varies with: (11) the candle 
power of the source of light; (12) the number of foot candles 
needed ; (13) my distance from the light ; (14) kinds of paper used 
in the book ; (15) size of opening in the iris of my eye. 

IV. Artificial light is diffused by : (16) frosted bulbs ; (17) mir- 

ror reflectors ; (18) opaque indirect lighting reflectors ; (19) opal 
globes surrounding the lighting bulb ; (20) clear glass globes 

Burrounding the bulb. 

V. Glare is caused by: (21) a bare light in the field of vision ; 
(22) facing a window when reading ; (23) holding the paper or book 
80 that the strongest reflected rays enter the eyes ; (24) glossy paint 
and polished metals ; (26) not using your eyeglasses. 

Yl. Street lights: (26) are absent on many country roads; 
(27) are necessary in large communities ; (28) must be brighter on 
most country roads to eliminate danger to pedestrians from auto- 
mobiles ; (29) can often be made more effective by use of proper 
reflectors ; (30) generally cost a community more than they are 
worth. 

PRACTICAL PROBLEMS 

1. List the various devices in your home that have to do with 
the production of light. Explain how the need of light determines 
their use. 

2. You are reading by daylight in a north room in winter and 
usmg a reading glass. Tell all the changes through which the rays 
of light pass from the time they leave the sun until they give you 
the sensation of light in your brain. 

3. Describe how you would arrange ideal lighting for the desk 
at which you study at night. Consider the problem from the 
standpoint of care of your eyes as well as the best possible arrange- 
ment of lighting fixtures. 

4. Make a survey of the lighting in your home. Give several 
practical suggestions for additions or changes in the lighting fixtures 
in the rooms. Your suggestions must be practical to be worth 
anything and must take into account the present conditions. 
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INTERESTING THINGS TO DO, READ ABOUT, OR SEE 

1. Read a book on the life of Edison. 

2. Visit a factory where incandescent lamps are made. 

3. What makes the light in different kinds of lighting devices? 

4. Natural animal light : the firefly, phosphorescence in jl 
water and in deep-sea animals. 

5. Natural lights seen in the sky : give the source and explan.. 
tion of : sunlight, sky light, light of shooting stars, rainbow, sunset 
color, lightning, northern lights, sun dog, and St. Elmo’s fire, 

SCIENCE FOR LEISURE TIME 
1. The Home Lights 

Make a plan of the rooms ; locate the lamps in each room ; reooni 
the number of watts in each lamp. Calculate the distance 
you should be from a given lamp or cluster of lamps to give 

you satisfactory light for 
a specific kind of work. 
Assume that the lampi 
have the following numfl a 
powers. 

26 watts ... 20 0 . p, 

40 watts ... 35 c, p 

60 watts ... 50 e, p 

76 watts ... 66c.p, 

100 wotts ... 100 c. p. 

2. The sectional diagram 
will suggest how you eaa 
construct a rack inside a bail 
to hold a book and how to 
arrange 4 right-angle prisms or 4 mirror.s (1, 2, 3, and 4) so that 
you appear to look right through the opaque object and see objects 
that are behind it. Can you explain the illusion? 

3, Lamps xebough the Ages 

Make a scrapbook in which you use clippings, dia. Er«.mfl^ and 
descriptions of lamps of all time. Begin with the oldest you nan 
find out about and arrange material in chronological order. 

4. Make a Cohhent-Soihnoe Book op Lighting 

In this use clippings, pictures, and descriptive matter that havj 
to do with present-day lighting for any purpose. 
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SCIENCE CLUB ACTIVITIES 

1 Invention of the Incandescent Lamp 

Prepare an Edison Day program. Assign to different members 
various topics, for example, Early Life of Edison, Menlo Park, 
Experiments in Developing a Lamp Filament, Other Inventions of 
Edison, Improvements in the Lamp by Others. 

2 Community Stbeet Lightinq 

Assign jobs to different committees for reports at a future meet- 
ine (1) source — a visit to the gas plant or to the electric 
light plant or reading about oil wells if oil lamps are used. (2) A 
sMvey of the lighting of streets in the business section. (3) A 
survey of street lighting in the residential section. (4) A survey 
ot street lighting in the rural section. Kinds of lighting ; how 
satisfactory are results ; suggestions for improvement. 

3, History op Lighting ■ 

Members may bring old lamps to the club and tell about them. 
If the local museum has a good display, the club should arrange a 
trip and get someone familiar with the history of lighting to tell 
about them. Often there will be found someone in your com- 
munity who has made a hobby of collecting old lamps. Arrange 
to have him exhibit his lamps and talk to the club about them. 
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Do you know if an electric current 
can produce magnetism? 

How are electromagnets made ? 

What la a magnetic field? 

Do you know why a compass needle 
points north? 

How does the electric motor work? 

Can you tell how an electric iron 
gets its heat? 

Do you know how an electric bell 
works? 

What are fuses and for what used? 

Under what conditions is electricity 
dangerous? 

Of what value are insulation ma- 
terials ? 
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HOW WE USE ELECTRICITY 

. PREVIEW 

Electricity has been called a most versatile servant. 
A versatile person is one who can do many things well, 
so this is certainly a good title. Electricity does so many 
different things well for man that it is hard to think of a 
process or a manufacture that it does not have a part in. 
It lights our homes, our street, mines, tunnels, airships, 
and submarines. It even lights our way on the roads 
on a dark night, perhaps in the form of lightning from 
an oncoming storm, perhaps from a “flashlight” in oitf 
hand. Electricity runs our trains and ships. It still 
runs some automobiles entirely, and plays a very import 
tant part in running all of them. Very few types of gas 
engines can run without the use of an electric spark to 
ignite the charge of gas in the cylinders. In the form of 
motors, we find it turning the wheels of great factories, 
and it is found in the home harnessed to washing machines, 
to the vacuum cleaner, sewing machine, electric refrig- 
erator, and many other devices. 

In industry it plays a part in thousands of processes : 
it plates some metals with silver, gold, or copper; it 
hammers some of those same metals into strips or plates ; 
it operates drills which bore holes or gouge out great 
hollows in solid blocks of metal. By means of electro- 
magnets of the electric crane it lifts great weights, carries 
them a distance, aiid then drops them at the turn of a 
switch. It drives many kinds of machines and does it 
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'without dust or smoke. It carries messages for us throu^ 
■wires and through space. It transfers sound, music, and 
pictures from one place to another thousands of miles away, 

Today we are just beginning to learn what electricity 
is, but it is not yet completely understood. How elec- 
tricity is made, what it will do, and how it can be used 
safely are well-known facts, and it is about these things 
that this unit is written. It was not until the latter part 
of the eighteenth century that Volta, an Italian physicist, 
produced a current of electricity from the first electric cell 
which he made and which was called after him the voltaic 
pile. But it was only as recently as 1831 that Faraday, 
an Englishman, produced an electric current with the 
first generator, a coil of wire surrounding a horseshoe 
magnet. Edison, who has probably done more than any 
other one man in electricity, took out more than 1100 
patents on various electrical devices in the United States 
during his lifetime. 

There are a few facts and principles that you should 
recall from your last year’s science work, since they are 
important as a foundation for the work in this unit. 

Science Principles 

1. The earth’s magnetic field directs the compass 
needle. 

2. Comparatively few metals can be made into magnets 
or are affected by magnets. 

3. Like poles of magnets repel; unUke poles attract 
each other. 

4. Electricity consists of negative electrons and positive 
protons. 

5. Chemical energy and mechanical energy are readily 
transformed into electrical energy, which in turn can be 
transformed into all other forma of energy. 
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problem I. WHAT ARE ELECTROMAGNETS AND 
HOW ARE THEY USED? 

How to Make a Magflet. A little over a hundred years 
ago a Danish professor named Oersted discovered that 
when electricity was made to flow through a wire, as long 
as the electricity continued to flow the wire would act like 
a magnet. The following experiment shows how magnets 
are made. 

Demonstration 1. How to Magnetize Steel. 

Wind a sheet of paper, 6 inches long, about a pencil. Loosen 
your hold on the paper tube and let it unwind until it is in diame- 

ter. Wind about this tube 
forty to fifty feet of #20 
or #22 insulated copper wire. 

Fasten the ends of the wire 
BO that they will not unwind. 

Place in the tube the articles 
you wish to magnetize, a 
knife, knitting needles, nail 
file, or a piece of steel. Now 
connect the two ends of the 
wire with the opposite poles 
of an automobile battery. 

After a very short exposure 
to the current the articles will 
be found to be magnets. 

TheElectromagnetand 
Its Uses. An electro- 
magnet is made in this 
way. Place inside the coil of wire carrying a current, a 
nail or any bar of soft iron and you have an electro- 
magnet. In general the strength of an electromagnet 
is increased as the current of electricity passing through 
it is increased. The advantages of an electromagnet 
over a permanent magnet are twofold. It can he 
made to lose its magnetism in a fraction of a second. 
By alternately magnetizing and demagnetizing a soft 
iron bar, an interrupted or vibrating motion may be 

H. Be W. SCI. IX — 14 
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produced. This vibrating motion is used in givinff 
to the electric butter, in the ringing of schMl gfCS 
to alarms, m telephone and telegraph instnninb S 
in the electric bell which we use every day. ' 

Demonstration 2. To Demonstrate the Electric Bell. 

Electric bell. Electric cells. Wires PubI, u 
M ethod. (A) Study the beU. Make out these parts^“*i™ 

binding posts, electromkenj 
armature spring. coZoi 
post, contact screw, 'hammer 

gong. Trace the wire conned 

tion through the different 

rasSr™' 

Note. In some beUs a part 
of the wire circuit is omitted, 
and the base of the bell carries 
the current from one part of 
the bell to one of the bindine 
poste. Is that the case with 
the bell m hand ? 

Connect bell, cells, and 
Dutton m circuit. Adjust 
rantact screw if necessary. 

Sn"3the ^ P^oli ba^'^^St 

nuH h ■ ^ armature, joined to a spring at one end 
other ™ post ^ striking a gong attached to the 

attached to tb? ^ ^ 

^ from a battery 

is pL^d to^dose tb button 

P essed to close the circuit, the current flows to the post 
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j contact screw through the armature spring, around 
the electromagnets, and back to the battery. "V^en the 
current is flowing, the magnetic force pulls the armature, 
^hich draws the hammer over to strike the gong. At 
the same instant the circuit is broken at the end of the 
contact screw, the current stops, the magnetic field dis- 
appears, and the armature springs back to its original 
Dosition- As long as one’s finger is on the button, the 
^cuitis closed and the operation continues to be repeated. 
Explain why the 
bell rings only 
when the current 
is flowing. 

House BeU Cir- 
cuits. It is fre- 
quently desirable 
to have a single 
bell mngfrom two 

different parts of independent 1)611 circuits operated on the same 
the house, to have battery, one beU rings from one buttoii. What 
1 i-n /liffor- changes would you make to have both bells ring when 

two bells m diner button U pressed ? 



ent places rung 

from the same button, or to have two bells each rung 
from different buttons, but using the same battery or 
transformer. The diagram shows how one of these com- 
binations is made. Can you make the others? 

If the bell does not ring, look for trouble in worn-out 
cells, short circuit where metal straps hold the live wires, 
loose connections, or improperly adjusted contact screw. 

How the Electric Motor Makes Use of Electromagnets. 
The essential parts of a motor are the field magnets, the 
armature, the commutator, and the brushes. In Figure 1, 
the two nT)1ikP. poles of a horseshoe magnet, A and B, are 
a few inches apart, and another magnet C is arranged on 
a pivot between them. If we turn the magnet C so that 
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pok 

commutdtoi^ 


its north pole is near the north pole, A, and its 
the south pole, 5, we find that it States un^r "I? 
pole of C is near the north pole, A. If couW^ 

pcle polity 

is-T>r«.tii ^ that its 

south became ^ 
north and its north 
a south, then the 

lawwhich says that 
like poles repel and 
unlike poles attract 

would send it an- 
other half revolu- 
tion in the direction 
!W going. If 

the polarity of C 
could be reversed 
every half revolu- 
tion, this move- 
ment would be 
continued. In 
Kgure 2, the elec- 
tromagnet M may 
have its polarity 
reversed by merely 
changing the direc- 
tion of the current 

_ ^ ' iu the wire. This 

works. a strong magnetic 

«eld ma^ete A imd S. D and J? m 

ooMnutator to fc 
“ *l>e device which rave™ 
tne omrent m the armature. The current cornea to D. 



%utih pole 
Tig.Z 
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passes through the coil of wire of the rotating electro- 
magnet M, and passes off through E. The ends of the coil 
of wire of the electromagnets are attached to two metal 
parts of the commutator, which are insulated from each 
other. During one half the revolution D is in contact 
with F, and during the other half revolution it is in contact 
with G. When a north pole of the revolving electro- 
magnet M (the armature) has reached the south pole of 
the field magnet, the current is automatically changed, 
and what was the north pole becomes the south pole. 
In order to maJce the action stronger, the magnet A and 
B may be replaced by an electromagnet. We have then 
the essential parts of the commercial electric motor. 

Some Devices That Use Electromagnets or Motors. 
Home life would not be complete without a good many 
devices that make use 
of electromagnets. Not 
only does the electromag- 
net ring our doorbells and 
elevator bells, but it is 
a necessary part of our 
fire alarm boxes, burglar 
alarms, and railroad and 
trafiic signals. In the 
motor it runs our trolley 
cars and subway trains, 
it gives the spark neces- 
sary to start the engines 
in our motor cars and 
busses. It helps run our 
meat grinders, cake 
mixers, vacuum cleaners, 
washing machines, sewing machines, dish washers, ice- 
cream freezers, electric fans, and the many other labor- 
saving devices of the home. In the barber shop you find 





What household devices not named In the 
text axe run by electricity 7 
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it in the hair clipper, in the drug store it helps m V 
you a milk shake, and in the meat market it S ® 
meat. 


SELF-TESTING EXERCISE 

Select from the following list of words those which best lit the hu , 
spaces m the sentences below and arrange them in prop^nZS^i 
order. A word may be used more than once ^ ^ i^timencal 


force 

magnetism 

electricity 

mechanical 


closed 

electrical 

field 

poles 


magnet 

energy 

current 

magnetic 


armature 

opened 


heat 


Every we carrying an electric (1) is surrounded by e 

LI ~ — k ^ appear like a 

(5)__. The ^pLratiS of 
motion produced by the 
and the release of the 
after every 


uuuu uuil/U CIXIU BOUei] 

the electric bell depends upon the (6)_ 

pull of the electromagnet upon the (7) and t 

armature by having the circuit automatically (8) 

puU. An electric motor receives (9) energy and“gi;;es“'o7t 

S depends upon the lawa 


ESSAY TEST 

Rimy Expbhimbnt8 with Hib Elbcteomaqnht 
» lllS/ ‘5 pm. rat off the ends so 1 h«l 

X'oinfd’s 

x-rst 

brought one end near thp 7 inrt>i^^!?°f’ ^ closed the circuit and 
attracted. By that I knew th °®®dle which was 

end of the eleJtromlJnet. compass was the north 
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problem n. HOW IS electricity used m 

HEATING? 

Electric Heating. Heat from electricity is always 
ready, always clean, and always convenient. It is there- 
fore used in many electric devices in the home. For ex- 
ample, the electric iron is one of the most used instruments 
in the home. Various table devices such as toasters, 
grills, coffee percolators, chafing dishes, samovars, and 
plate warmers are also electrically heated. The small disk 
stoves and the water and milk warmers now on the market 
use electricity. The, curling iron and hair drier are also 
often seen, while we all know the comforts of the electric 
heating pad and the glowing electric heater. The electric 
range has come into common use in many sections of the 
country, especially where there is a low rate for electricity. 
In some homes electricity is now used for heating the 
entire house on the unit system, but such a form of heat- 
ing is not very well adapted to cold climates. 

Electric heating in many places is very expensive. But 
to make up for this it is very ef&cient. There are no 
combustion losses. There are no chimneys, smoke, or 
to look out for, no space is needed to store fuel, 
and above all, it is absolutely clean. The actual cost of 
installation is as low as in any of the other modern syste^ 
of hpatiTig a house, but the cost of maintaining the service 
it prohibitive for common use except in regions 
where electricity is very cheap. 

How Electricity Produces Heat. We have seen that 
electrical energy can be transformed into heat energy. 
This is done by the principle that all conductors resist the 
flow of electricity, and that when electrical energy over- 
comes this resistance, heat is produced. Some metals 
like German silver and nichrome, an alloy of nickel and 
chromium, offer much greater resistance to electricity 
thiw does copper. For this reason a short length of 
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nichrome wire will give as much heat as a much i 
copper wire of the same diameter. You can 

how we get heat from electricity by connecting one td 
of a 6-mch piece of #24 nichrome wire to one pole 


*24 niehnaina vLr-* 



Head j-our text carefully and then try to explain this diagram. 


6-volt Storage battery. Then bring the bare end nf n 
copper wire from the other pole of the ho+t “ • . 
contact with the free end of the nichrome wire voJ 
move the copper wire along the nichrome wire BhoZ^Z 

U that heat is produced and that the shorter the 
we the hotter it gets. If the current in a wire is doubled 
the heat in it is increased four times. For thirr7oi ’ 

lessness with electric irons and other electrical devices 

a coil'^f^h-® ® y^^ will notice 
a cod of this mchrome wire which is heated to a r d hS 

^ This is well sho: 
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How many of these ports can you give the use of 7 


j polfing a short circuit which would destroy the heating 
element. The electric iron should have a switch close to 
the iron, also a pilot light on the wall socket where it is 
attached. This pilot light will always glow when the 
current is left on and will warn you to turn it off before 
you leave. 


SELF-TESTING EXERCISE 

Sdect from the following list of words those which best fit the blank 


spaces in the sentences below and arrange them in 'proper 
order. A word may be used more than once. 

numerical 

electrical 

oxidize 

conductor 

heating 

iron 

high 

insulator 

greater 

mercerize 

poor 

electric 

nichrome 

good 

unchanged 

electricity 

German 

low 

changed 

heat 

silver 


Every electric (1) offers some resistance to the flow of an 

(2) current. Overcoming the resistance in a conductor gener- 
ates (3) The greater the current, other conditions being 

(4) , the (5) the resulting heat. Copper is a (6) con- 

ductor of electricity and so is a (7) material with which to 

produce heat from (8) . The wire used in many electrical 

(9) devices is (10) , which has a very (11) melting point 

and does not (12) easily in air. 
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ESSAY TEST 

Ploba Tulls about Her Interview with an Elbcthic-Ib 

Salesman ' 

Bead carefully and critically. List all the errors and 
corrections. 

If I had never studied general science I might have believed 
lot that he told me but before he left I told him he ought to lea ** * 
little more science so ho wouldn't tell so many untruths 0 * 
advantage of his iron is that it can be taken apart. There are 
plates in it so you can look through it to see if the heating element 
is burned out. Thin bands or ribbons of aluminum are used in th' 
heating element. They conduct more heat than nichrome and so 
give heat quicker. Many irons are shiny nickel but his is dull so 
it win not radiate and lose heat so quickly. He advised the old- 
fashioned iron without the thermostat because he said the ther' 
moatats are likely to burn out and cause a fire. I still like mv 
adjustable, automatic, shiny, chromium-plated iron and even if it 
did coat more than his I believe it is worth the difference in origins! 


PROBLEM III. WHAT ARE THE SAFEGUARDS AGAINST 
HARM FROM ELECTRICITY? 

How Electricity Is Led About in the Home. Although 
electricity has become a valuable servant, it is a dangerous 
one as well. We have often heard of fires that were caused 
by crossed wires making a “short circuit," or by accidents 
, from electric wires of heating devices, or of people shocked 
to death by receiving a charge of electricity in their bodies. 
We know that the wires which carry electricity must be 
carefully guarded by a layer of what we call insulating 
material, that is, something that will not allow electricity 
to pass through it. 

Conductors and Insulators. In order that water may 
PMs througih a metal pipe, there must be an open space 
within the pipe, but not so with electricity. In some 
mysterious way electricity passes along a solid metal just 
as well as along a hollow, one. Scientists teU us that the 
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flow of electricity is merely the movement of the electrons 
^hich are present in the atoms. We find that there is a 
great difference in the ability of materials to carry elec- 
tricity. Some, like copper, brass, silver, aluminum, graph- 
ite and salt water, permit electricity to pass through them 
readily and are called good conductors. Others, like 
wood, earth, and pure water, carry electricity to a limited 
extent and are called poor conductors. But some mate- 
rials, such as diy air, glass, porcelain, rubber, parafidn, 
mica, and silk, allow little or no electricity to pass through. 
Such substances are called insulators. Because metal 
wires carry electricity easily, and because human beings 
also nught carry it, wires are insulated by a cover of cloth 
and rubber or other insulating material. This may 
prevent people from getting shocked to death. 

What Is a “ Short Circuit ” ? The circuit of electricity 
is the complete path which the current must take from 
its source through the wire, through the bell or other 
instrument, and back to its starting point. The rate of 
flow of electricity is measured in units called amperes, 
while the pressure the current exerts is measured in volts. 



Under what conditions could you make a short circuit here? 


In the diagram, A and B connect our house light with the 
city supply. When the switch is closed, we can light one 
or all of the lights in circuit #3. The filament of the 
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lamps checks the flow of electricity because it has a hi i, 
resistance while the wires have a low resistance. 
suppose the bare ends of the wires C and D, which ha°^ 
low resistance, are brought together. This circuit would 
have no high resistance in it and thus would increase th 
current, causing a “short circuit.” There is a real danger 
from short circuits, for they may not only burn 
insulation off the wires, but may set the building on fire 
If any part of the wire AC is connected metal to metal 
with any part of 5D, or if the two separate metal parts of 
the l^p circuit be joined by a piece of metal, a short 
circuit results, with its great increase of heat and corre- 
sponding danger of fire. 


Demonstration 3. The Use of Fuses. 


f ® ^ ® button switch and five inches 

of #24 mchrome wire as shown in the diagram. Between one 

perSe^^* ^ (3-ampere) in place of the regulaJo^o^ 



that aSv.1.? pressing the button. Is there evidence 

nPPdirjS ® “iown near a compass 

2 the button. Explain the refult. 

the circuft “°PPe" wire. Close 

tne circuit. What results do you get? Explain. 
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Puses. We have seen that metals melt at different 
temperatures, and some like lead and solder melt at 
relatively low tempera-- 
tures. Such metals are 
used making fuses. 

If a short circuit is made, 
the fuse iastantly melts 
because electricity going 
through it heats it to its 
melting point, and elec- 
tricity is immediately cut 
off from the house, and show the pait that melts when over- 
thus danger from fire is 

prevented. If a light goes out, remember before attempt- 
ing to insert a new fuse in the fuse box to turn off the 
switch connecting the house with the outside current. 

Dangers from Electricity. Electricity, unlike fire, can- 
not be seen, and consequently we may be harmed by it. If 
the air were moist, a person might receive a fatal charge 
from a high tension wire by coming close to it, although 
he did not touch it, for the electricity can jump across the 
gap. The resistance to electricity through the body also 
difiers greatly at different times. If your hands or feet 
are wet, or if you are bathed in perspiration, it is quite 
possible for the ordinary 110-volt current to cause serious 
injury or possible death. Sometimes the insulation inside 
a fixture is defective so that the fixture itself is coimected 
to a “live” -wire. If a person were in water, in a bath, 
or were to touch a water faucet with one hand and a 
defective li g h ting fixture with the other, the shock received 
might cause death. Death has been caused by people 
having an electric pad in bed along with a hot-water bag. 
If the hot-water bag breaks and allows water to fiood the 
heating pad, it causes a short circuit and might kill 
the person. Be sure when working with electricity never 
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ESSAY TEST 


Dobs Jason Opitbb Bomb Sound Advice? 

Read careJvJly and crUically. List all the errors and 
correchons. “ 

The human body will conduct an electric current, even tl^n i. 
It IS an insulator. A current that might pass harmlesslv W 
hand to the other through the chest might be serious it ^ 
just through one limb alone. If an electric shock stons tln« k 
mg, the person is dead and there is no help for him. Van 
lamp does not light, remove it and use a screwdriver to mvinlf 
center connection m the socket. That sometimes is so flat 
not touch the base of the lamp. If the eleotrie-irn!f “ 
off, you can teU whether the fuse is blown or not by joiniM theV”* 
bare ends of the wres in the cord with a piece of meti If it 1 
a spark, the fuse is not blown. ‘ 




THE REVIEW SUMMARY 

In preparing a summary of what you have found out in ti,:, 
unit, you will want to place emphasis on the bic iHpnn -mt,’ i, 
come from the applications of thfSts you hafelearn^^ 
demonstrations vou have hppti TimiK+i 6 learned and the 

Itonskill. wTeJtrS^r'' 

.12°' “P» 

^ me lou» outimt eanie. mongh eleelriesl enogy to HI . 

MmmMy for your workbook, teet 

io utobrJSfySu fcowil^' OTOT toe tet 

sure you Jmow the facts underlying the science principles 
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or generalizatioJi®- Then using this material and everything you 
have read, seen, or done yourself, make your summary outline. 
This outline you may use when you make a recitation. 

TEST ON FUNDAMENTAL CONCEPTS 

Jn a vertical column under the heading courbct write the number 
of all statements you believe are true. In another column under 
incoebbct unite numbers of the false statements. Your grade = 
fight answers X 3^. 

I. An electromagnet : (1) gets its magnetism from a current of 
electrioity; (2) may be made more powerful than a permanent 
magnet ; (3) as a rule has a core of hard steel ; (4) is used in electric 
irons and heater ; (6) becomes a permanent magnet when the cur- 
lont is out off. 

II. The electric bell has : (6) a permanent magnet armature ; 
(7) insulated soft iron cores ; (8) coils of bare copper wire ; (9) a 
device for automatically opening and closing the circuit; (10) a 
copper armature. 

III. The electric motor : ( 1 1) has an electromagnet for an arma- 
ture; (12) has an electromagnet for the field magnet; (13) has an 
deotromagnet for its commutator ; (14) works on the principle that 
like poles attract each other ; (15) can only work by rapidly chang- 
ing the poles either of the armature or of the field magnet. 

IV. Electrical energy is . changed into : (16) heat when a strong 
current passes through a resistant wire ; (17) light in the electric 
iron ; (18) heat and light in the electric light bulbs ; (19) chemical 
energy when it melts a fuse wire ; (20) heat when glass is rubbed 
with silk. 

V. Electric fuses : (21) have a high melting point ; (22) prevent 
many fires ; (23) would not be mseful if electrioity did not heat 
conductors; (24) are made of different current-carrying oapaoities; 
(25) are not needed in modern wiring systems. 

VI. An electric current may cause damage or injury when: 
(20) a fuse is blown out ; (27) a piece of metal is put into a lamp 
outlet; (28) the insulation is worn from a portable lamp cord; 
(29) a bare wire inside a metal fixture makes contact with it ; (30) 
a person turns on the water with one hand and an electric light with 
the other at the same time. 

PRACTICAL PROBLEMS 

1. Study the electric outlets in your house. Make diagrams of 
a few rooms to show lamps and outlets. Locate the fuse box, meter, 
and main switch ; make a diagram of fuse box and circuits going 
H. & W. SCI. II — 16 
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from it. Test circuits and list location of lights and outlets con- 
trolled by each pair of fuses. Keep this chart of location and fuses 
in a convenient place so that you will know just where to put in j 
new fuse if the lights fail you on any one circuit. 

2. You go out after a severe storm. You see an electric light 
wire has been broken, and one end is dangling near the ground, while 
the other is resting on the ground. There are several small children 
playing near by. What wiU you do ? 

3. Your electric lights go out suddenly. You find the burnt 
fuse and see it is a 10-ampcre fuse and put in another like it. Just 
as you screw it in it blows out. You put in a 15-ampere fuse. It 
blows out. The next fuse you have is a 40-ampere fuse. Should 
you put that in? If not, what is the proper thing to do? 

INTERESTING THINGS TO DO, READ ABOUT, OR SEE 

1. Find out all the uses you can that are made of electric bells 
and buzzers. 

2. Read about Joseph Henry and his work in developing the 
electromagnet. 

3. Trace the wiring of the doorbell circuit in your house. Show 
in a diagram the buttons, bell, som'ce of current (battery or trans- 
former or lighting circuit), and wires. 

SCIENCE FOR LEISURE TIME 

1. Make a collection of materials used for electric insulation. 
Carefully label each article, telling what specific use it has. Add 

these to your personal science 
museum. 

2. Magnetize your knife blade, 
nail file, scissors, and screwdriver 
by means of an electromagnet 
that you have made. 

3. How to tell if a fuse is good. 
Sometimes it is difficult to see 
whether the fuse wire is melted 
or not. By conneeting a dry cell, 
a bell, and the fuse in circuit you 
can easily tell. Wind the bare 
wire from one binding post of the 
bell around the metal of the fuse. 
Close the circuit by pressing the 

center contact of the fuse to the free pole of the dry cell. If the 
beU rings, the fuse is good. 
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4 Learn how to replace a blown fuse. Do not attempt this 
without first securing expert advice. 

SCIENCE CLUB ACTIVITIES 

1 The EijECTkic Motoh «s. All Other Devicbb Opbbated by 
Elbctbomagnetb 

Divide the club into two groups to decide which is of the great- 
est benefit to mankind — the electric motor or all the other devices 
operated by electromagnets. Each group will collect aU the facts 
poaeible and at an announced future meeting have a regular debate 
vrith judges invited from outside the club to come in and give a 
decision on the merits of the debate. 

2. Splicing an Electbic Cord or Wire 

This is a good practical exercise for each member to learn to do. 
The best way to learn is actually to splioe two ends of wire together. 
Cut the insulation off for 
A distance of to 2" 

Irom the end_. Scrape 
the wire until it is clean 
and shiny. Bring the two 
wires together as shown 
in the diagram and twist 
each end around the other 

wire. After these are , _____ 

twisted tightly together, 
cover well with liquid 

ffnldftT and allow to dry over night. Then bind with three layers 
of electrician’s tape, having the strips overlap well and covering at 
least an inch of the insulation on the wire. If you can get someone 
who knows how to do hot soldering, the wire may be soldered the 
regular way instead of with the cold liquid solder. 
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Survey QuBSTioNa 

What advantages do we get from 
machines ? 

Do you know in science what we 
mean by the word “machine”? 

Do you know what is meant by 
“mechanical advantage ” ? ^ 

Do you know what is meant by 
“ speed advantage ” ? 

What simple machines are there in 
the human body ? 

Does a person using a machine do 
less work because of using the 
machine? 

Do you know why you can develop 
more speed on a bicycle than you 
can running ? 
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UNIT VIE 


SIMPLE MACHINES IN THE HOME 

PREVIEW 

In primitive times man did not use machines. If he 
could not do the necessary work with his body he had no 
other way of getting it done. Perhaps by chance he dis- 
covered that if he stuck a big stick under a rock, he could 
move the rock, and this gave him the idea of the lever. 
Archimedes, a Greek who lived before Christ, had such a 
respect for the power of the lever that he once said, 
"If I had a place to stand, I could move the world." 
Just what he meant we shall see later. 

Early man contented himself with a few very simple 
implements. He had pestles and mortars for grinding 
acorns, corn, and other grains. He had rude stone axes ; 
he made bows and arrows, thus using laws of machines in 
their use. He even had bone needles and other imple- 



Are these tools machines ? Read yoM text carefully before you answer. 


ments to help him make such simple clothing as he wore. 
These simple tools were in reality machines, although 
man did not know this because he did not understand 

21S 
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the principle of machines. It has been in comparafivoi 
recent times that man has come to malce exten^ve S 
raachines. With the discovery of the law of gravitv I 
the knowledge th at we have to overcome this force ^ 

well as that of friction 

and inertia, science began 

to make real progress in 
making machines that 
would save labor. 

If we had lived a gi'eat 

many years ago, we would 

Vhat waciiine is this the faw n.nn.f of? found that there 

which enabled om ancestors to save labo^in thiir hom^ 
Much work was done by hand, and a few simple machines' 
^ch as chmns, spinning wheels, wagons, and the C 
were used to do most of the mechanical work. In the 

machinery, we have come to save 
tme and also save our own energy by using machines to 
h^ us do the work. We find also that machC je 
^u^y much more eflicient than we are, and so^s thl 

for iZllllVZ "olTti a^sfh°' 
who can select from such a multitude of^LchheslZ 
ofered m he market those which a.e mechanSy IZ 
feet, as well as serviceable and durable. It is the pmLe 

trv^ ^ of tf^ese machines, and to 

PROBLEM I. WHY DO WE USE MACHINES? 
that ablll f^ave always known that apples fall and 

loosened from the w T i ^ 

**^0® do not nse? Why do not all 
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attached bodies rise? It would be no more wonderful 
f r bodies to be repelled from tlie earth than it is for them 
to be attracted to it. But just why the earth attraets 
rather than repels objects is one of the mysteries of the 
universe. The fact that bodies fall, not only aroused the 
curiosity of Sir Isaac Newton, but started a train of 
thought and reasoning which took him years to think 
through. Eventually, however, Newton gave to the 
world the Law of Gravitation. This law not only helps 
explain how the heavenly bodies maintain their courses 
in the heaven, but also the behavior of falling bodies. 
He believed that every particle of matter in the universe 
attracts every other particle, and he called the attraction 
of the earth for bodies on or near its surface gramty. 
We know that the lightest as well as the heaviest kinds 
of bodies are eventually prilled down to the earth, as 
a speck of dust, a feather, or a lead sinker. But how 
many of the weight of an objeet as a measure of the 
force of gravity acting on it? We have read perhaps that 
the force of gravity depends on the amount of matter m 
a body. Eor example, on the planet Mars, where the 
amount of matter is about ^ that of the earth, a man 
weighing 150 pounds on earth would weigh only about 
75 pounds. Consequently he could jump further and 
ti gyiPT than on the earth, provided his muscles would do 
the same amount of work. 

Weight. What do you mean when you say that you 
weigh no pounds? Simply that the mutual attraction 
between you and the earth is 110 pounds. eig 
therefore, the measure of gravity. The umts of weight 
are arbitrarily determined. In our Enghsh system the 
ounce and the pound are units of weight, n ® 
system, used in scientific work, the gram an 
are units of weight. These weights are legahzed by the 
government and standard weights are kept for comparison. 
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Fnction. If you are drawing a loaded sled oVer thp 
snow-covered sidewalk and suddenly come upon a 
covered with ashes, you find it necessary to use ^ ^ 

more force TMs increased resistance comes from greato 

fnction. In all machines, and, in all movement ofl 
body over another, there is friction. If the wL 
driwng a sailboat through the water and the wind^sud! 
denly stops, the boat will continue to move for some 

distance, but eventually it stops. What stops it? Ab^ 

slides down a toboggan chute and at its base cnnZ I 
upon the level ice of a lake. After leaving the S 

stona^^'^m^^ finally te 

stops. What stops him? It is friction. Friction t 



-wfeen aeen^idtJii rcsistance caused 
one body . moves 
of A+B ar& against another 
' miglz 


'N 

A+& eei 

vi««i 

undcGecC 


Ezplaio the causes of friction. 


against another. 

The Causes of Friction. 
When one body is moved 
over another, the eleva- 
tions on one sink into the 
depressions of the other. 
They must be separated 
a little to move the eleva- 
tions of one over the 
nnii ij. elevations of the othpr 

woS" 1n7^‘® movements require a certain amount of 

« can friction. If the eurfacee of fwo oS 

Son ’“'r” ttere will be litUe 

ugni, pencil points to wear away and becomp rinll lnpi+= 
ouf of machinery, and brake linings to wear 


k 
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Inertia. Among the laws stated by Newton we find 
this: Bodies at rest remain at rest unless some outside 
force acts to move them. Bodies in motion continue to 
move in a straight line unless some external force acts to 


Read your text carefully and tell what law this cut illustrateB. 

stop or change the direction of the motion. This tendency 
of a body at rest to remain at rest is called inertia of rest; 
the tendency of a body in motion to continue in motion 
is inertia of motion. For example, a ball at rest will not 
move unless some outside force (person or thing) makes it 
move, and, if in motion, it will continue to move until 
snmp. force stop.s it. Since force is required to start or stop 
a body or, in other words, to overcome its inertia, inertia 
is a resistance to force. 

Work. There are then three types of resistance : 
gravity, inertia, and friction. In overcoming any one of 
these, work is done. This work is generally reckoned in 
terms of opposition to gravity. A pound lifted one foot 
is one foot-pound of work. If the same amount of work 
is done against friction or in overcoming inertia, it is also 
one foot-pound of work. When we lift a weight, we do 
work, and when a weight falls, it is also capable of doing 
work. 

Why Use Machines ? It often happens that the resist- 
ance to overcome is greater than the force that is avail- 
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able. For example, a man can lift 200 pounds, but he 
wishes to lift a safe weighing 1000 pounds. It is pos- 
sible to devise some sort of machine by which he can use 

the 200 pounds 
through five times 
as great a distance 
and to move the 
1000 pounds. 

The Law of Ma- 
chines. Most peo- 
ple think that by 
using machines they 
avoid work. But 
this is not true, for 
although household 
devices employed as 
machines do work 
and make it easier, 
we still do work. Machines do not make energy. They 
simply transfer or exchange force or mechanical energy 
from one place to another. We shall see as we go on in 
our study of science that energy is simply the ability to 
do work. Sometimes this energy is locked up, as in coal, 
' which gives heat when burned, or it may be evident as in 
the power in the running stream, or in the waves, or in the 
wind. By use of a machine we may transfer this energy 
or power from one place to another, and by means of a 
machine get work done more effectively. The chief v^ue 
of simple machines lies in their enabling us to overcome 
a large resistant force by applying a small force. But 
we must remember that we can get no more work out of 
a machine than we put into it. The law of machines may 
be stated as follows : The force applied to a machine times 
the distance through which it acte equals the resistance over- 
come times the distance through which it is overcome. That 
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is, if you move a 200-pound weight one foot by applying 
a force of 20 pounds, this force of 20 pounds must act 
through a space of 10 feet. 200 X 1 = 20 X 10. 



SELF-TESTING 

EXERCISE 


Sdect from the following list of words those which best fill the blank 

ipaces in 

the sentences below and arrange the words in proper numeri- 

cal order. 

A word may be used more than once. 


bring 

speed 

inertia 

push 

rest 

work 

energy 

25 

motion 

30 

resistance 

force 

11 

push 

rubbing 

attraction 

weight 

moving 

overcome 

puU. 

put 

gravity 

friction 

machines 

Force 

is a (1) or a (2) 

When a (3) — 

_ acting upon a 


body overcomea its (4) and moves it through space, (5) is 

done. Three types of (6) which a force may overcome in 

doing (7) are: (8) , (9) , and (10) When 

6 pounds of lead are lifted vertically 6 feet, (11) foot-pounds of 

(12) are done. We can get no (13) out of a machine that 

is not (14) into it. (1 and 2; 8, 9, and 10 interchangeable.) 

ESSAY TEST 

Shirlbt Gkumblhs ovbb Hbe Study op Machinbb 

Read cwrefully and CTittcally. Inst all the errors and suggest 
corrections. 

Why a girl should study about machines I can’t tell. Just think 
of all these new terms. How can anyone be expected to remember 
them. Let me think them over. 

1. A push is a force that pulls. 

2. Gravity is a measure of work. 

3. Friction is misunderstanding or dispute. 

4. Inertia is a girl’s name. 

5. Work is the overcoming of resistance through space. 

6. A foot-pound is that unit which measures the work done in 
pushing a pound along for one foot. 

7. This is a law of machines : Machines create energy. 

8. Machines make our work easier. 

9. Bodies in motion can never stop. 

10. The earth is a body in motion. 
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PROBLEM n. HOW DO SIMPLE MACHINES MAKE 
WORK EASIER? 

Machines Used in the Home. If you examine the 
various devices used in the home, you ’will be surprised 
to learn how many different kinds of machines there are. 
What do you find in the kitchen ? A water faucet, a knife, 
a knife sharpener, a can opener, a bread ihixer, an egg 
beater, a cake mixer, and an ice-cream freezer. In the 
tool box what do you find? A screwdriver, drill, chisel, 
saw, hammer, and wrench. These are a few examples of 
the many machines in use in the home. All machines, 
even such complicated ones as the sewing machines, the 
typewriter, and the automobile, are made up by com- 
bining simple machines. There are only six simple ma- 
chines from which the most complex machines are built. 
These six simple machines involve only two distinct 
machine principles which underlie two typical machines, 
the lever and the inclined plane. The crowbar and the 
wheelbarrow are common lever machines. A road up- 
grade, the blade of a carpenter’s plane, and the skid of 
the truckman are examples of the inclined plane. 

The Lever. When you used the seesaw, you probably 
discovered that if a lighter boy or girl were at the other 
end, you had to move nearer to the middle. The principle 
of the lever will e3q)lain the reason for this. 

Demonstratioii 1. Principle of the Lever. 

A ruler suspended at its middle point is a lever. This support 
about which turning takes place is called the fulcrum. The load 

we hang on one side is the 
resistance and the force we 
USB on the other side of the 
fulcrum to balance the load 
is the efort. 

With the lever illustrated, 
find out where an effort of 
1 pound must be applied on 
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the effort arm to balance the different weights (resistances) sug- 
eested in (o), (b). and (c), applied on the resistance arin. (o) Place 
2 pounds 2 inches from the fulcrum. (6) Place 2 pounds 4 
inches from the fulcrum, (c) Place 6 pounds 1 inch from the 
fulcrum. 

Can you work out the principle of levers by comparing the forces 
and lengths of arms in each case? What statement will you sug- 
gest for the law of levers? 


The distance from the resistance to the fulcrum is the 
resistance arm; the distance from the effort to the ful- 
crum is the effort arm. Experiments prove that effort 
(E) t-imeH effort arm (Ed) == resistance (B) times re- 
sistance arm (Bd). E X Ed = B X Bd (d is the distance 
in each case), “^len you use a pair of scissors, the force 
you use is greater if the cloth you use is 3 inches from 
the fulcrum than when it is ^ inch from the fulcrum. 
Can you explain why ? 

Three Classes of Levers. There are three classes of 
levers which depend on the position of the fulcrum, the 
resistance, and the effort. The relative positions of 
these are as follows: In levers of the first class, the 



Can you ftypTniTi three claascB of levers from this diagram? 


fidcTum comes between the resistance and the effort , 
ia levers of the second class, the resista/iics comes be- 
tween the fulcrum and the effort ; in levers of the 
third class, the effort comes between the resistance and 
the fulcrum. An easy- way to distinguish the classes of 
levers is to remember which of the three factors is in the 





your workbook. 
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middle. They are in the order F, R, E, as will be seen 
ia the diagram. 

Advantages of Machines. Machines are used for two 
reasons. They may give mechanical advantage or they 
may give speed and - 

distance advantage. 

use a machine to 
overcome a force 
greater than that 
which is applied. If 
by means of a machine 
we can lift 200 pounds 
by applying an effort 
of 25 pounds, then the 
mechanical advantage of 
the machine is 8 ; it is 
equivalent to the re- 
sistance divided hy the 
effort. With levers of 
the third class we must 


cpncrocCctC 





-trVcepaf 

l^ulceKftcC. 




■" Whsn, by contractingp tho bicopB shortdnB 

apply an effort greater sUghtly, the hand is raised about twelve Inches, 
than the resistance to resistance, rftort, and fulcrum In the 

dl&S^UUBe 

be overcome. Then 

why use such a machine ? It is because it gives a speed 
or distance advantage. The advantage of levers of the 
third class is shown by the human arm. Notice how 
sTTinll the movement of the muscle is when you bend 
your arm at the elbow and how great the space is through 
which your hand moves. 

How We Weigh Things. A pair of scales in the home 
is a present-day necessity. It may save its cost many 
times over in the checking of the weight of groceries and 
other materials. Of more importance to some people is 
the checking of their own weight each week to see that 
they are keeping in the best of condition for good health. 
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In the scales in the picture, can you tell whether you would 
get more or fewer apples if the sliding weight were moved 

from the point 4 to 
^ ^ you explain 

household scales are 
“ot dependent on the 

ii ^ 5 principle of the lever 

1 1 ^ ^ M p but upon the stretch- 

ing of a spring. To 
explain such a scale 

Apply the prindpla of the lever as used in lof, iio miHnnn/l n m 

weighing. Where ia the fulcrum, the resistance, Suspend a COlled 

and the effort 7 Wire SUch as COHies 


, , ,, • out of a window- 

shade roller. Fasten a pointer to the spring at the 

bottom. Let^ us now hang weights of 10, 20, and 30 
grams respectively to the lower end of the spring. As 
each weight pulls the wire down, mark the position 
of the pomter on the scale to mark where each weight 
holds it. As long as the elasticity remains in the wire 
we can use this spring for ’ 


weighing purposes. This is 
the principle of the spring 
balance or postal balance 
used for weighing letters. 

The Wheel and Axle. The 
steering wheel in the auto- 
mobile, just like the crank of 
a windlass for drawing water, 
is a machine using the lever 
principle, as can readily be 
seen by studying the dia- 
grams. 



Where are effort, fulcrum, and Tcaist- 
ance here ? 


The radius of the axle corresponds to the resistance 
arm, and the length of the crank or radius of the circle 
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hicli the effort describes corresponds to the effort arm. 

If the crank is 12 inches and the radius of the axle is 3 
Lehes, what force will be 
required to raise a pail of 
water weighing 24 pounds? 

Effort X 12 = 24 X 3. 

Wort - - 6. 

It will take 6 pounds to 
raise the water. 

The ice-cream freezer, the 
bread mixer, the knife grinder, 
the egg beater, the drill and 
bit stock, and the bicycle 
are but a few of the ma- 
chines you can readily find 
which are of the wheel-and- 
axle type. 

Demonstration 2. To Illustrate Changing Speed by Use of Wheels 
of Different Diameters Joined by Belt or Gears. 

Materials. A Dover egg beater or drill with gear and wheels. 

(a) Mark one point on the working part of the egg 
beater. Observe how many times this revolves for one complete 
turn of the handle. Try this three times. (6) Count 
the number of cogs on the two wheels which connect 
the force end of the machine to the work end. What 
is the relation of the number of co^T (c) Make 
similar comparison of the cogs on the rear axle and 
on the sprocket wheel of your bicycle. Find the 
number of revolutions of the rear wheel to one 
revolution of the crank. What general rule regaraing 
change of speed is suggested to you by these obser- 
vations? 

The bicycle makes use of the wheel and 
axle, not for mechanical advantage but for 
H. & w. SOI. n — 16 



Using your text, explain tbla diagram. 
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Geared wheels mahe possible changes In speed. 
If B Is attached to the rear wheel of a bicycle and 
A is the sprocket wheei turned by the pedal crank, 
one compiete circle completed by the foot will 
produce how many revolutions of the rear wheel ? 
Would you increase or decrease the number of 
cogs in A to make the bicycle easier to run ? to 
Increase the speed? Tell the story of C and D. 


speed advantage. The pedal cranks turn the sprocket 
wheel which is joined by chain to a gear on the rear or 

drive wheel. The 
circle through which 
the pedal moves is 
smaller than the circle 

through which the rha 

of the wheel moves. 
The gears are of such 
ratio that the rear 
wheel turns faster 
than the sprocket 
wheel. The resistance 
is applied where the 
rim of the wheel 
, M ^ , pushes on the road 

beneath it. Consequently, the resistance is acting through 
a much greater distance than the effort. The racing 
bicycle, by use of a larger sprocket wheel, is geared for 
even greater speed advantage than the ordinary machine 
Pulleys. Have you 

ever noticed when you 

open a window how easily 
you can lift the window? 

It is because back inside 
the casing there ai-e heavy 
window weights pulling 
down on a cord which is 
looped 6ver a pulley and 
fastened to the window 
frame. The wheel in the 
pulley turns but the pulley 
always remains in the 
same place and so is called 
a fixed pulley. Fixed 


fixecc 

jxUl 



Z0lb9 

effort 


^hs aoit, 

ettort resistinoe 

When would you use the fixed pulley? 
The movable pulley? 
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nllevs are used to change the direction of a force, to raise 
Vects to Lig h elevations, and in the block and tackle. 
There is a pulley at the top of a tall flag pole. 

If you have one end of a rope fastened to a post on the 
pier passing over a pulley at the bow of your boat and 
the other end in your hands, you can pull the boat in 
uite easily. The pulley moves with the boat and is 
Jailed a movable pulley. Used as suggested, it has a 
mechanical advantage of 2. That is, if the boat resist- 
ance is 100 pounds, you use only 50 pounds to pull it in. 
The reason for this can be seen by applying the lever 

^'Awmbination of fixed and movable pulleys is found in 
the block and tackle. This is used for raising very heavy 
weights and overcoming large resistances. If we neglect 
friction of the moving parts of the machine, a given force 
(effort) can overcome a resistance as many times as great 
as itself as there are cords coming from the movable 
block. By means of the block and tackle a single man 

can easily lift a heavy piano. 

Wheels and Runners. Why do our wagons have wheels 
and our sleds runners? Have you ever pulled with all 
your might to drag a heavily loaded box over the floor 
and then placed one or more 
rollers under it and found 
how easily it could be pulled ? 

In much the same way a load 
on a wagon is moved over the 
bare road more easily than 
the same load on a sled. 

The sled runner slides over 

the road surface, while the ' VrWn bearings ' 

wagon wheel rolls over rt; 

and sMing fnction is greater bearingB. why aie 

than rolling friction. hearingB useful? 
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But why not use wheels on ice and snow? If vnn « 
tned your rolta skate on ice, you know the difflodw 
getting started. This is because of the lack of ^ 
Motion Such surooth surfaces as gta te 'if « 
mow have very little resistance to the moveur^: 
of hard objects over their surfaces. Sled ruuners S 
many more points of contact with a supporting aur 
fa^ than have wheels; but because of ti vei Z 
fnottou between ice and smooth steel, steel runnere Z 
bette for snow and ice than wheels. With skates there 
Me fewer pomta of contact and the friction is ^ 
tunes reduced still more for another reason. When skaf 
mg in moderate weather, the pressure, due to vour 
weight, melts the ice under the runners and you reaUv 

&e"^it. 

B. Lay the o„ 

weights on the oar. With spring balance attached to car by 

string, pull horizontally 

and as steadily as possible. 
Read the balance at the 
start and again when the 
car is moving steadily. 

What force was required 

How mSehSik^t motion^Ser LaiSgl 

cm. y against friction in drawing the load 20 

it fs its wheels. Load 

Irt and :gai? wfe? ^ load 

again When the load is being moved at uniform speed. 





Can you explain from this picture how the inclined plane was used in building 
the pyramids? These great structures, built far from the source of the stone 
used in their construction, are still rated as one of the wonders of the world. 
We cannot account for the raising of these huge blocks of stone to their places 
in the structure unless we say that the Egyptian engineers had a knowledge of 
the use of the Inclined plane. This is the artist’s conception of how it was used. 
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What force was required to start it? What force was reauimil + ^ 

keep up uniform motion after starting? How much work*^™ ’ 
done against friction in moving the load 20 cm. 7 i 

Conclusion and Explanation. Why is the work done in m ' 
the weight 20 cm. different in all three cases ? What concl°^”® ' 
do you reach regarding the use of wheels ? Why was the f”°'^ ' 

required to start the load different from that reauired tn 
moving after starting? 


Inclined-Plane Machines. The huge Egyptian 

pyramids were built long before 
the invention of modern ma- 
chines, and it has long been 
a mystery how these massive 
I jj blocks of stone were raised into 
place. The most plausible ex- 
^ planation is that they built long 

I inclined roadways up which they 

HH dragged them. Our roadways 
up hills are inclined planes. It 

'"CS ^ *0™ by 

diagram. ment With a spring balance that 

it takes much less force to draw 
a given load up an inclined surface than to lift it 
vertically against gravity. 
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the other side is an inclined surface. An ax is a double 
incline ; that is, both surfaces are inclined. This is also 
of a knife blade, pins, needles, and a wedge. This 
special form of the inclined plane is called the wedge, 
^en an inclined surface turns in a spiral, we have a 
machine called the screw. Ordinary screws are machines, 
gs are the powerful jack screws used to Hft automobiles 

and buildings. 

The Sewing Machine. A great many other types of 
machines can be found in our homes, but one almost 
always present is the sewing machine. Since 1850 these 
machines have been improved more and more, so that 
now their work is extremely rapid and efficient. In early 
times the power was transferred by a treadle to the drive 
wheel. If we measured the diameter of this wheel and the 
diameter of the pulley over which the belt passes, we could 
easily determine how many revolutions of the pulley would 
be produced by one revolution of the drive wheel. Then 
by carefully turning the pulley one complete revolution, 
we could find how many stitches the machine took in each 
complete revolution. Today most sewing machines are 
run by electricity. 

Machine Stitches. There are two kinds of stitches 
made by machines. Both of them differ from the hand- 
made stitches. The chain stitch is so made that if the 
thread is broken at the right place and the free end is 
pulled, the thread can all be pulled out. You find this 
stitch on the bags of sugar obtained from your grocer. 
The common machine stitch is the lock stitch. Two 
threads are required for this : a lower one fed from a 
bobbin and the upper from a spool. A device for regu- 
lating the tension on the thread is very important because 
if the tension is not carefully adjusted the threads will not 
be locked in the middle of the cloth. If one thread is 
either on top or at the bottom it can be pulled out easily. 
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But when both threads are linked together inside 
ble seam is made which will not rip easily. ’ ^ 



Th. O. . UQ. uounesv T/ie Sitmer M/g. Co. 

rather use? Why? 


SELF-TESTING EXERCISE 

of words those which heslfiU the blank 

S A wir them in proiernurmiM 

oraw. /I wora may be used more than once. 
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one 

two 

three 

four 

five 

six 


more 

same 

less 

gravity- 

push 

effort 


wheel and axle 
block and tackle 
inclined plane 
labor saving 
simple machine 
ability to work 


distance 

effort 

machines 

lever 

resistance 

work 


When -we use simple (1) , we must do just as much (2) as 

if Tfe did not use them, but the effort we apply may bo very much 

( 3 ) with the (4) than without them. If we -wish to lift 

500 pounds by applying a force of 125 pounds, the ratio of the arms 

of a lever would be effort arm (5) to resistance arm (6) 

oould accomplish the same thing by using a pulley whose 

movable block was supported by (7) ropes. Classihed as 

simple machines : the hammer is a (8) ; the -windlass is a 

( 9 ) ; and a road uphill is an (10) A general law of 

simple machines is this: (11) X (12) equal (13) X 

( 14 ) If the small sprocket on the rear wheel of a bicycle has 

nine gear teeth, and the large sprocket wheel has twenty-seven gear 

teeth, tlie rear bicycle wheel will make (15) revolutions to each 

single revolution of the foot on the pedal. 


ESSAY TEST 

Glbabon Recommends the Use oe Machines 

Read carefully and critically. List all the errors and suggest 
corr^ions. 

If you think machines are of no value because you must do more 
actual work with the machine than the useful work accomplished, 
just try to use a bit for boring holes in wood. What can you do 
with your bare hands? Just nothing, but by using a bit brace, 
which is a type of wheel and axle, you can easily bore the hole. By 
using the wheelbarrow, another wheel-and-axle machine, I can lift 
300 pounds easily. First-class levers give more mechanical advan- 
tage than any other lever of the same length ; that is probably 
why it is called "first class.” .The spring balance for weighing is 
classed as a pulley,' because things you weigh pull down on the 
spring. It seems silly to call a road uphill a machine, but it is 
because it requires less effort to get up a hill that way than to go 
straight up. When I am in a hurry to get any place, I use my 
bicycle ; that is a machine that has lots of speed advantage. 
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REVIEW SUMMARY 

In preparing a s ummary of what you have found out in f i, • • 

you will want to place emphasis on the big ideas which hn 
from the applications of the facts you have learned and 
Btrations you have seen. Doubtless you have done som^ 
tional reading which has helped you put together some of th J. 7 
into generalizations or fundamental underlying Drinoinl« v 
this unit some of these generalizations are the followinc ^ Po 
add others ? you 

i, •“ ”“™ »* 

2. Gravity is a natural force always acting. 

3. Through the use of machines work may be done that wonM 

otherwise be impossible. " would 

4. No machine can deliver quite as much work as is put into if 

5. No two bodies can be rubbed together without a ohafeV of 

some of the mechanical energy into heat energy. ® ° 

Before making your review summary for your workbook 
your knowledge of the facts of the unit by ohLking over the to 
so as to be sure you know the facts underlying the science nrinninS 
or Then mm* tU. and 

yourself, make your summary ouuL 
This outline you may use when you make a recitation. 

TEST ON FUNDAMENTAL CONCEPTS 

under the heading cobbect mite number, 
of all statements you believe are true. In another column umUr 

“'S"” «/ /■*• K-HmZ, 

— right answers X 3|'. 

bodV SoVon ■ u resistance of a 

(6) the sTme as Vor^^ work; 

-whenever force is exerted upon a body 
S^fort us^Tq?/ resistance through space ; (8) Ve “3 
thing that k haS to do^""" overcome; (10) any- 

ance^' (^ 9 ft machines the; (11) effort equals the resist- 

acts is eanl\ distance through which it 

which iUs overcom? distance through 

work done • n i offort times the resistance equals the 
won: done , (U) work done on the machine equals the work done 
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by the machine (neglect friction) ; (15) advantage is always 

meohanicali 

IV. Wlien by use of a lever a force of 4 pounds moves 10 feet in 
a weight 2 feet: (16) the weight (resistance) is 8 pounds; 

( 17 ) the weight is 5 pounds ; (18) the weight is 20 pounds ; (19) the 
force arm is twice the length of the resistance arm; (20) the 
resistance arm is ^ the length of the effort arm. 

V. There are 4 ropes supporting the movable block of a block 
and tackle. If a force (effort) of 20 pounds is used (neglect friction) : 
(21) the force will support a weight of 80 pounds ; (22) the force 
roll support a weight of 5 pounds ; (23) when the force moves 20 feet, 
the weight moves 5 feet ; (24) the movable block has two sheaves 
(wheels) in it ; (25) the force of 20 pounds moves four times as fast 
as the weight. 

VI. A balance for weighing things may : (26) be an equal-armed 
lever- (27) be an unequal-armed lever; (28) utilize the elas- 
ticity of a coiled spring ; (29) be any one of the simple machines ; 
(30) have a lower efficiency than most machines. 

PRACTICAL PROBLEMS 

1. What simple machine would you use to get water from a 
very deep well ? 

2. How would you calculate the mechanical advantage of a 
wheelbarrow? of a nutcracker? of the egg beater? of the bicycle- 
driving mechanism 7 

3. Plan how you would combine a wheel and axle, a pulley, and 
an inclined plane, so that a man using a 160-pound force can over- 
come a resistance of 60,000 pounds. Make a diagram and show 
how you work out the mechanical advantage of each machine. 
(Neglect the element of friction in the machines themselves.) 

4. Mfllfft a list of the different ways in which friction has been 
useful to you within the last twenty-four hours. 

miEBESTING THINGS TO DO, READ ABOUT, OR SEE 

1. Read about the machines Archimedes made and used. 

2. Visit a tailor shop to inspect the tailor’s shears. Visit a tin 
shop to inspect the tinner’s shears. Can you think of a reason for 
the difference you find 7 

3. Observe the different types of weighing machines you can 
find in the drug store, the grocery, the parcel post window, the 
express office, your kitchen or bathroom, the school laboratory, 
on the ice cart, and at the coal yard. 

4. Find out how weight varies over the earth, above and below 
the earth's surface. 
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6. Observe some large macMne as a steam shovel, a harvest' 
machine, or a locomotive. Try to identify several simple machine 


SCIENCE FOR LEISURE TIME 
1. Make a Doll Balance on the Head of a Pin. 

Push a pin half its length down into a cork which closes a narrn® 
neck bottle. Push a needle vertically through the center of I 
large cork stopper. Have the point of the needle come about Imlf 
an inch through the cork. Glue the feet of a large ceUuloid Z 
to the top of the stopper. Push the prongs of two kitchen forl« 
into oppsite sides of the cork stopper, having the handles come 
down at about a 46 angle, as shown in the diagram. Oarefniiv 
place the point of the needle 
on the head of the pin. If 
well balanced you can spin the 
forks and the doll around 
rapidly without danger of their 
falling off. See if you can ex- 
plain why this is. 

2. Make a survey of all the 
machines used in your home, 
including those belonging to the 
house construction. Classify 
them according to types of 
machines. 

3. Keep the' machines of the 
home in good working condi- 
tion. 

4. Calculate the speed ad- 
vantage of your bicycle. 

6. Collect and mount pictures of common devices in which you 
can see one or more simple machines. Try to get all six of the 
simple machines. 



SCIENCE CLUB ACTIVITIES 

1. Make a Balance 

By using the principle of the lever or action of a coiled spring 
dewso a balance using one of these. It may be for weighing letters 

weighing groceries having a scale 
hlwfi w outfits can be used in making a 

balance. Weights may be cast from molten lead. A round mailing 
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tube out to the right length and stoppered at one end will hold the 

Uolten lead ill casting the weights. 

2 A Block and Tackle 

Get someone to bring to club meeting a practical block and 
fjokle or meet where you can see one in operation ; count the 
tones aud the wheels and see if all the ropes move at the same speed. 
Measure distances. Effort and resistance move. Use a heavy- 
duty spring balance to measure effort. Compare resistance and 
effort and calculate the efiSciency. 

3, Try to get some official from the city or the state Bureau of 
^eights and Measures to talk to your club or your school on 
iiiulent Weights and Measures.” 

4 Arrange a debate on the question; If all friction were only 
one half as great as it is now, the world would be greatly benefited. 
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Do we use much of the sun’s radiant 
energy ? How do you know ? 

^ nigM?^°^ the cause of day and 

wijZj 

What are the causes of our sum- 
mers and our winters ? 

the sun’s radiations 
beneficial? Harmful? 

How did man keep time thousands 
of years ago ? 

What science principles are used 
in modern timepieces? 

What is the difference between 
solar time and sidereal time? 

What is the reason for having a so- 
called “ daylight saving ti^e“ ? 


UNIT IX 


THE SUN, TIME, AND THE SEASONS 
PREVIEW 

We think of the sun as the source of our light and our 
heat, and in fact all the energy which the earth uses. 
Every day, every year for miliions of years the sun has 
been giving heat and light to the earth. Even the wood, 
the gas, and the coal which we use possess energy which 
originally came from this flaming ball of gas. Our day 
and, night, change of seasons, weather, all the activities 
on the earth, we can trace back to the energy of the sun. 
We remember from our study of geography that the 
earth revolves around the sun once in 365|- days, and 
that it also rotates once in 24 hours on its own axis. 
We also remember that the earth’s axis is tipped so that 
it is inclined to the plane of its orbit. As a result of this 
tipping, we shall find that instead of a generally equal con- 
dition of day and night, we have some parts of the year 
when days are longer, and some parts of the year when 
they are shorter, or changing seasons. We have a varia- 
tion in the amount of daylight and also a variation of the 
an^e at which the sun’s rays strike the earth. All these 
factors give us differences in temperature and have an 
important bearing on agriculture and many other indus- 
tries. Many of our activities are determined by the 
period of daylight and by the season of the year. Much 
of our water power is seasonal, being greatest after the , 
spring rains and the melting snows, and least after thrf 
heat of the summer. Prevailing winds and water cu* 

es9 ■ 
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rents in some parts of the world are dependent upon 
seasons. As a rule there is less sickness in the fall in this 
country than in any other time. With the coming of the 
cold season, sickness and the death rate usually increase. 
This increase continues until March, then thing s 
better until June, which is almost as good as October for 



Read y ow preview carefany and then try to explain what you find in these graphs. 
What Is the most favorable flme for work ? For health of factory workers. How 
would you account for this 7 


good health, while in the warm summer months the death 
rate is at its lowest. The changing seasons also have 
compelled man to lay by stores of food in summer for 
use in the winter. This increased activity, which is not 
demanded of the native of the torrid zone, is undoubtedly 
a factor in developing greater energy in mnn in the tem- 
perate zones. The progressive people today are those 
who plan for the future. Inventions anH progress in 
science aie in a way planning for the future. Can we say 
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that tbe iaclination of the earth’s axis is the basic cause 
ol the iavention of the airplane, the steam engine, or the 
jio? How imp ortant is the single fact of science 
that the earth’s axis is inclined to the plane of the earth’s 
orbit? It surely means much more than a person who 
has not thought the matter over carefully might suspfect. 
Evei' since man appeared on the earth he must have 
unknowingly made use of the fact that the earth rotates 
once on its axis every 24 hours, for he could always 
distinguish the difference between day and night. Since 
the time of primitive man there has been a desire to mark 
the passage of time. You remember that Robinson 
Crusoe, after he was wrecked, cut a notch in a stick every 
day that he lived on his desolate island. The crude 
shadow-stick and the sundial, were early devices pro- 
viding the means of measuring the passage of time when 
the sun was shining, but at night or when it was cloudy, 
these devices were of no use. Eventually man learned 
to measure the day, the month, and the year by observa- 


V 
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lion of the effects of natural movements 
of the earth and moon. Later he made 
devices for measuring smaller divisions 
of time. Such devices were the hour- 
glass, the sun clock, the water clock, and 
our modern clock. The water clock 
had an advantage over the sundial be- 
cause it would work when the sun was 
not shining. Our present hourglass runs 
on the same principle as the water clock, 
only sand takes the place of water. The 

hourglass was used as early as the eighth 
century a.d. Modern clocks date from 
the seventeenth century, when Christian Huygens, a 
Dutch mathematician, applied the pendulum to regulate 
the movement of clocks. Household clocks today are of 

H. & W. BOI. II — 17 


WhAt was the advan- 
tage of the banded 
candle ? 
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two types : the pendulum and the balance wheel. Power 
to drive the wheels comes from a spring, although in 
many old clocks falling weights were used to move the 
wheels. 

It is well to think over the main ideas of your work of 
last year, relating to heavenly bodies, to give you a review 
introduction to this present imit. 

Science Psinciples 

1. The stars are so far away it takes years for the light 
from them to reach us. 

2. There are many more stars than we can see. 

3. The rotation of the earth causes an apparent daily 
rotation of the stai-s. 

PROBLEM I. HOW DOES MAN DEPEND UPON THE SUN? 

Our Star — The Sun. Wc may call the sun "our 
star” because it is the only one of the millions of stars 
that has any important relation to the earth. The sun 
is a huge globular mass of gaseous matter having a 
temperature above 10,000'’ Fahrenheit at its surface. 
It is estimated that at its center it has the unthinkable 
temperature of about 30,000,000'’ Fahrenheit. This 



Find the earth, in thte dlagiem. Whet does It do to the ray a from the am? 
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condition of matter in the sun is evidence of the tre- 
mendous amount of energy it possesses. It is always 
radiating this energy in every direction, the earth inter- 
cepting but a tiny amount of it, one two-biUionth of aU 
the beat and light which leaves the sun. 

Radiation across Space. All of the energy we receive 
from the sun comes in the form of radiations through 
space. These radiations are of the same general char- 
acter but differ in their rate of vibration. The slowest 


(XOOOOlmm 0^0004mm.. O.OOCy7mm. 



How much of this area do we see? How much do we feel? 


vibrations are the so-called infra-red rays or heat rays, 
then the more rapid vibrations which affect sight and 
which are called light. Finaliy of still greater frequency 
of vibration are the ultra-violet ra3rs which produce 
a tan and are so useful iii healthful living. All these 
radiations travel faster than anything we know of, over 
186,000 miles a second. We speak of this as the speed 
of light, and all of these radiations together are solar 
radiations. This band of rays is the solar spectrum. 

Beneficial Ultra-Violet Rays. The rays beneficial to 
man come from a small “Dorno” region of the spectrum 
(see diagram, page 244) . The rays of this ultra-violet area 
may be used for the treatment of rickets, tuberculosis, and 
some akin diseases. They appear to increase the alkalinity 
and amount of iron in the blood, and also increase the 
appetite. Quartz glass is used in some hospitals because 
it allows ultra-violet rays to pass through it. Cello- 
phane also allows the ultra-violet rays to pass, but it is 
not durable enough for common use. In winter there is 
more fog, soot, clouds, and dust, all of which filter out 
the ultra-violet rays. The smoke over some of our big 
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cities lessens the quantity of helpful rays that we can 
receive, so that children have rickets and tuberculosis 
and people show a low resistance to germs. In winter 
the rays are more slanting and pass through a greater 
depth of air. Wool clothing shuts out the ultra-violet 
rays, but loosely woven rayon or artificial silk lets them 
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The health-glTlng ultra-violet re;s are chiefly found is the Domo region. Why 
do we use (luartz glass in the windows of some hospitals and homes? 


go through. Heiice, women fare better than men today 
in getting the ultra-violet rays of the sun. 

The Harm Sunlight Can Do. Sunlight gives us a 
sunburn before serious harm is done to the body and thus 
warns us of the danger. When one gets sunburned, he 
has had too much of the ultra-violet rays. It is just as 
harmful to be sunburned as to be burned with a hot iron, 
When the ultra-violet rays produce sunburn, whether from 
natural or artificial source, poisons are produced and nfilia 
are destroyed. Sunshine taken in proper amounts is 
beneficial, but there is danger from overdoses of it just as 
there is danger from overdoses of medicine. Red and 
amber glass filter out the ultra-violet rays. Diffused sun- 
light as well as direct sunlight will produce sunburn. 
Even a north exposure to the sky may give about one half 
as much sunlight as that of the southern exposure. Cold 
creams which are effective against simburn contain fluores- 
cent materials which absorb the ultra-violet rays. Arc 
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lights and mercury vapor lamps give out radiations shorter 
than those which reach us from the sun. It is not safe 
to use these radiations without your doctor’s advice. 

The reason that the paint on the northern side of 
houses remains in good condition longer than on the 
other side is because it receives less of the chemically 
active ultra-violet rays from the sun. Zinc-white is fluo- 
rescent and, when used in a paint, lessens the destructive 
action of sunlight. The sun’s rays tend to weaken the 
oxidized oil and reduce the hardened paint to a brittle 
powder which “ chalks” and wears off easily. 

Sun Spots. The sun is composed of incandescent gases 
and does not seem sohd like the earth. The sun’s interior 
is immensely hotter 
than the outside. At 
times dense vapors 
are hurled upward 
from the interior and 
cool more quickly 
than the lighter 
gases and so appear 
as dark spots on the 
sun’s surface. These 
are called sun spots. 

Some of them have 
a diameter of 25,000 
miles. Records show 
that sun spots in- 
crease to a maxi- 
mum every 11 years. 

The energy radiated by the sun seems to be greatest 
when the total area of the sun spots is greatest. This 
means that the heat of the earth is increased periodically. 
Sometimes the sun spots are large enough to be seen 
through smoked glasses with the naked eye, but they are 



ytrkaa ObsenaUrji 


The earth could easily be put in one of these 
sun spots seen by the big telescope at WUllams 
Bay, Wis. 
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irnicli more interesting when viewed through a sn, 
telescope or field glass equipped with smoked glass Tr 
by watching the movement of these sun snots 
know that the sun is rotating. But since the sun 
made up of gases, it is possible for some parts of it t* 
rotate faster than others. At the equator the nerinH f 
rotation is about 25i days, but near the poles it is inii *1 
longer. When sun spots are numerous, they appear t! 
create electrical energy and interfere with our radi 
telegraph, and telephone communication They 
seem to have some close relation to the Aurora BoreS 
or Northern Lights which are sometimes seen in the nialit 
sky of our northern continents. ® ‘ 

Cause of Day and Night. Our day and night residi 
from the earth’s rotation, which brings us first on thp 
side of the earth toward the sun and then on the sid? 
away from it. You will readily see how this is if you 
a ball a short distance from a lighted candle when then> 
.. no othor light in the room. Rotate ihe 
wJl see the part that ie toward the candle la to 

^^ahadow caat by the earth. This explains our d^y and 

SELF-TESTING EXERCISE 


Select from the following list of words those which best mi thf hi«^i 

S! 

moon harmless destroyed 

sun useless revolution 

day earth harmful 

equator deadly axis 

poisons rotation transparent 
created radiate luminous 


chemicals 

minerals 

spots 

stars 

lines 

minimum 


opaque 

maximum 

rays 

rare 

beneficial 

electrical 


A + chief source of heat and light on the earth 

^ J (41 , which seem to send out (6) energy in amounts 
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to interfere with electrical communication on the earth. 

£ sun seems to (6) more energy at the time of (7) num- 

w of sun (8) Not all ultra-violet (9) are (10) to 

r.man beings. Quartz glass is (11) while ordinary glass is 

mIv fl2) to the (13) ultra-violet rays. Sunburns are 

ml because the cells are (15) and (16) are produced. 

Our night and (17) result from the (18).^ of the (19) 

^20) of the earth is inclined to the plane of its orbit. 

ESSAY TEST 

Fbancis Tells Why Ancient People Were Sun Worshipers 
Read carefully and critically. List all the errors and suggest 
corrections. 

The two most important actions of the sun which were Imown to 
the ancients are the production of daylight and its ability to Ml 
Hiseaae eerms. There are other reasons why people today might 
worship the sun. The rainbow is nothing but sunlight transformed 
bv raindrops. There are serious objections to sunlight. The 
bit mental effort of man comes in the night when 
one or two o’clock. Without sunlight in the daytime, there would 
Srobably be another period of increased mental output in what m 
Sow da^ime. Sunlight gives sunburns and it is fortunate that 
many cities have clouds of black smoke over them so much of the 
time^to protect the people. There are black holes on the sun big 
enough to hold many earths. These appear as spots and they are 
X cold They radiate cold to the earth and that 
perfodic cold spells. The movement of these spots indicates that 
the sun rotates on its axis. This causes our day and mg . 

PROBLEM n. WHAT CAUSES THE SEASONS 

Causes of the Seasons. While the earth, is revolving 
around the sun, its axis is inclined or tilted 23^ degrees 
to the plane of the earth’s orbit. The axis always keeps 
a fixed direction pointing to the North Star. ^ a resu , 
the north pole is inclined sometimes toward the sun and 
sometimes away from it. This relation of earth to sun 
causes our seasons. The United States intercepts a, 
much larger number of rays from the sun m July than i 
does in January because the rays are more nearly vertical 
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in July. This difference in relative amounts of radiation 
furnishing energy which we receive from the sun at these 
two seasons is in proportion to its apparent size as viewed 
from the source of these rays. Study the two diagrama 

which represent 
views of the United 
States as it would 
appear in summer 
and in winter from 
a high elevation in 
the direction of the 
sun. 

When the sun’s 
rays south of the 
equator are vertical 
on December 22, 
the radiation on 
one square mile in 
Rio de Janeiro, 
Brazil, is about 
equal to that on an 
area of two square 
miles in New York 
or Chicago. Other 
reasons for a colder season in winter than summer are 
that the period of daily sunshine is shorter and that 
the slanting rays pass through a greater thickness of 
atmosphere. 

The distance of the earth from the sun is 3,000,000 miles 
less in J anuary than in July. This tends to make win tens 
north of the equator a little warmer and the summers 
a little cooler, but increases the heat of summers and the 
cold of winters in the Southern Hemisphere. Its influ- 
ence, however, is small compared to that of the inclination 
of the earth's axis. 



If the United States could be viewed from the direc- 
tion of the sun in midsummer It would appear like 
this. 



If the United States could be viewed from the direc- 
tion of the sun in midwinter it would appear like this. 
Bow do you account for the dlSerence ? 
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Demonstratioii 1. Why Are Vertical Rays Warmer ? 

Mnteriala Two half-inch boards, about three inches wide, 
nd tVlve inches long, having raised rim (i inch) around the edge 
of one end and two sides ; ' - . ^ > 

fine dry soil without 
lumps; two therinome- ///// 

^'^Mdhod and ResvMs. 
l^y a thermometer on 
each board and fasten it 
so that the bulb is not 
nearer than one inch to 
nnvedee. Spread equal 
amounts of dry soil over the bulbs, making smooth even layers 
nf uniform depth. Arrange thermometers so that the two boards 
mav be held in such a way that the sun’s rays will come to one at 
an angle of 90° and to the other at an angle of 30 . Place them in 

hriffht sunsliinc at th.G samG tini6. 

If used indoors, it is well to open the windows and thus increase 
the radiation. If cloudy, an electric heater or a 400-watt lamp 
may be used. After ten minutes road the temperatures. What 
is the temperature of the soil which has received the direct rays 

5ShesuT£anangleof90°? Of the soil which received the oblique 

Con* Explanation. Draw a conclusion and give a 

reason for the fact demonstrated. 

Why Are Direct Rays Hotter Than ObUque Rays? 
This diagram shows beams of light of the same diameter. 
Note the size of area covered hy the beam yjich comes 

atanobhque angle 
to the surface. 
Note the area cov- 
ered when the 
beam meets the 
earth perpendicu- 
lar to the surface. 
Which covers the 
lar ger area? Both 
beams bring the 
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light and heat from the sun. Will the intensity of lie},* 
and heat be the same? A second reason for greate 
intensity of heat from the vertical rays is that the be 
passes a shorter distance through the atmosphere of 
earth and consequently suffers less loss from absorotinJ 
by the air. ^ " 


Demonstration 2. To Show the Length of Day and Night. 

In the center of a darkened room place a bright light on a small 
table. Let this lamp represent the sun. Place a slender rHA 
or knitting needle through an orange or ball to represent the eaS 



and its axis. Place a thumb tack on the orange to locate the nlace 
whore you live. Tip the axis of this earth in position A, so tS 
the direct rays of the sun make an angle of about 23^ degrees with 
the plane of the earth’s equator. Rotate the earth about ttis 
axis. If you cannot easily estimate the relative time your home 
(mMked by the thumb tack) would be in the lighted area and the 
darkened area, stop the rotation and place two 'pins at the two 
boundanes of the hghted area on the circle you have marked 

distance between these on 
whether that part in the shadow or that 

A r>n?V® ^ l°"Eer day or night at 

MttlrA o' earth’s position in summer or in winter? 

Make similar tests in positions B, C, and D. 


Why Our Days Differ in Length. The experiments 
show why the farther one goes north of the equator in 
the sunmer, the longer the period of daylight, and that 
the north pole is m dayhght continually. In the spring 
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and autumn we have equal-length days and nights, for 
then the sun’s rays are vertical at the equator. During 
the part of the year when we have the shortest days, the 
north pole is in continuous darkness, but the southern 
regions, south of the equator, have conditions lika ours 
in summer. 

Variation in Duration of DayUght. As the earth 
revolves around the sun, its axis points aU the timfi towards 
the North Star. The axis is inchned to the plane of the 
earth’s orbit, making an angle with it of 23^ degrees. 
As a result (see diagram), on March 21 and September 
22, when the earth’s equator and the plane of the earth’s 
orbit intersect at a point in line with the sun, the vertical 
rays of the sun wiU be on the equator. At this 
both north and south poles will receive light and the days 
and nights will be equal. About December 22 the direct 
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rays of the sun will reach the earth 23^ degrees south of 
the equator. The south pole wiU be in sunlight day and 
night. The duration of sunlight north of the equate- 
will be less than 12 hours. The north pole will receive 
no light at all. Study the diagram and explain what 
change will be brought about when the earth has reached 
a point in its orbit which it occupies on June 21. pg 
you think they have winters in the Southern Hemisphere? 
Explain. 

SELF-TESTING EXERCISE 


Select from the following list of words those which best fill the blank 
spaces in the sentences below and arrange the words in proper numerical 
order. A word may be used more than once. 


January 

east 

less 

inclined 

almost 


March 

west 

more 

least 

straight 


June 

south 

Polar 

slanting 

vertical 


September 

north 

winter 

equator 

orbit 


The axis of the earth is always (1) to the piano of the earth’s 

(2) and always points to the (3) star. As a result of 

these facts, the (4)_ — rays from the sun arc sometimes 23" north 

of the (5) and in our (6) soason they are south of the 

equator. Vertical rays from the sun give (7) heat than (8) 

rays. In December the (9) pole is having sunlight day and 

night, but no place (10) of the equator is having sunlight as 

long as twelve hours. We have days and nights of equal length in 
(11) and (12) 


ESSAY TEST 

Jason Explains the Causes’ op Seasons 

Read carefully and critically. List all the errors and swml 
corrections. 

The North Star keeps the axis of the earth pointing in that 
direction at all times. The axis is continually inclined to its orbit. 
There are only two times a year when this is not true. In March 
and September rays of the sun are vertical at the equator because 
then the axis of the earth is at right angles or perpendicular to its 
orbit. The tilting of the earth causes a very peculiar thing, as you can 
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see by looking at the illustrations of the United States on page 248. 
In summer the United States is much larger than in winter. This is 
due to the greater heat that causes it to expand. The reasop direct 
or vertical rays are hotter than oblique or slanting rays is that they 
strike a surface harder ; the slanting rays strike a glancing blow 
and anyone knows that is less effective. The principal reason 
why days are longer in summer than in winter is that the rotation 
of the earth is slower in summer. This gives the sun a longer time 
to shine on us. 


PROBLEM m. HOW WE TELL TIME 


What time is it? This is a very simple question and 
one that we can ‘answer today by a glance at our watch 
or clock. But did you ever consider how time came to 
be told accurately? It must have been a long, long 
period before the savages who inhabited the earth in 
former days came to know anything about periods of 
time. The rising and setting of the sun, the full moon. 


and the coming of hot or cold 
seasons, short days, and cer- 
tain groupings of stars in the 
sky at night, after many long 
years must have impressed 
man so that he began to have 
some sense and appreciation 
of time. But for many thou- 
sands of years no real account 
of time was kept. Perhaps 
the first division of the day 
was made by measuring the 
length of the sun’s shadow at 
the back of a stick or against 
some plane object. Then 
came the sundial and the 



How may a wall dial or a garden dial 
be used to tell sun time? 


wfliiicr clocki 

Sundials. The passing from a timeless world to one 
in which primitive reckoning devices were used marked 
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A clepsydra or water clock. Explain ^ 
how it con keep time. 
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progress. The first record of the use of a sundial is found 
m a Chinese manuscript written about 1100 b.c. S 

sundials were subjecS 
to great improvement as thev 
evolved from the earUea' 
forms to the later ones. A 
sundial with its style (the 
post that makes the shadow^ 
pointing to the North Star 
will give shadows which do 
not vary with the seasons. 
Ihe hour spaces are not 
equally spaced, those about 
the noon hour being nearer 
together. 

T^es of Water Clocks, 
u • • Various water clocks have 

been in use in many different countries. Time is measured 
by the flow of water through a tiny opening. In one tyn! 
the vessel was floated in water and time .eTorJed 
by the level of water that came into the vessel. More 
common types measured the emptying time of a 
of water. More elaborate clocks, like the 
clepsydra, had a floating rod which meshed 
into a cog wheel and would turn a pointer 
around a scale upon which the hours were 
marked. 

Other Timing Devices. Another timing 
device, the hourglass, thought to have been 
invented by the Greelcs, uses the same prin- 
ciple as one form of water clock. A portion 
ot sand escapes within a definite time. The 
burning of knotted grass strings — the 

equal spaces, have served as timekeepers. It was not until 



How Is tlmt 
measured by this 
hourglass? 
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about the thirteenth century that rude clocks were used. 
They were operated by faHing weights and hands moving 
over a dial were used. But these early clocks lacked a 
good device to keep the motion uniform. The oil-time 
lamp which was used in Europe about 1600 years ago 
measured time by the fall in the level of oil in a reservoir. 

Galileo and the Pendulum. Probably all of you have 
read the story of Galileo seeing a chandelier in the cathe- 
dral swaying back and forth. Thousands of others had 
seen the same thing, but it stimulated Galileo to thinking. 
The chandelier seemed to move back and forth in equal 
periods of time. How could he prove that this was true? 
He thought of his pulse ; that was regular, and he timed 
the swingings by feeling his pulse. The chandelier swung 
through a short arc and through a long arc in the same 
interval of time. Galileo also found in experimenting 
at home afterward that by varying the length of the 
string supporting a swinging body, he could change the 
time of the swing. He invented a device for recording 
the pulse beats of a patient by means of a rotating pointer 
moved by a swinging pendultun that was made to coincide 
with the pulse beat. But it was not until after Galdeo’s 
death that Huygens conceived the idea of utilizing the 
pendulum for keeping time in a clock. 

Modern Time Pieces. The modern clock, using a 
pendulum, is less than 300 years old. The first watch 
was made in Nuremburg, Germany, in the fifteenth cen- 
tury. The name “watch” comes from the fact that night 
watchmen carried these time pieces for calling off the 
“watches of the night.” Our cheap alarm clocks of 
today are far more accurate than the best watches of early 
times, but with new improved devices for keeping uniform 
movement, our watches and clocks of today are capable 
of keeping very nearly perfect time. In 1658 the balance 
wheel with the “hair” spring used in the modern watch 




One day when he was only nineteen Galileo happened to notice the swinging 
of a great lamp in the cathedral of Fisa. He timed its movement by means of 
pulse beats. To his surprise he found that the lamp took as long to complete 
a swing when it was moving violently as when it moved slowly. From this 
discovery he got the Idea that a pendulum might be used for the measurement 


of time. 
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was invented. In 1765 came the lever escapement, and 
with it a great improvement in the time-keeping qualities 
of the watch resulted. The Swiss 
were the first people to manufacture 
watches on a large scale in factories. 

But today large factories are found in 
many different countries. 

Common Clocks. Two types of 
clocks are in use today, the pendulum 
type and the balance-wheel. The 
power to drive the wheels is derived 
from the mainspring, although in some 
old-fashioned clocks, weights are used 
as they were in the earlier clocks. 

The pendulum clock must he kept 
upright. This is not necessary with 
the balance-wheel clock or the watch. 

The purpose of the pendulum or the 
balance wheel is to obtain uniform 
speed. Working with these is a very 
important device known as the es- 
capement. It is through this that the pendulum or the 
balance wheel controls the speed of the train of wheels 
iu the worlcs »of the clock. It is also through this that 
the mainspring gives the force which keeps the pendulum 
aud the balance wheel from stopping. 

Electric Clocks. You may have wondered how your 
school clock keeps time. If you have the usual tyqje, you 
have noticed that the long hand jumps ahead once every 
minute. It is controlled by a master clock which closes 
an electric circuit once a minute and sends electricity 
through the wires which enter eaph classroom clock. 
When the electromagnet in the clock receives this energy 
it pulls an armature that turns the clock’s hands. In your 
home you may have a different type of electric clock. In 

H. & W. SOI. II — 18 



Read your text and ^va 
the use of A, B,C; of W, 
and of S. 
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it is an electric motor that runs on an alternatino. 

Most of the clocks are made for current of1he%T^ 
type and will not keep time correctly unless ^ 

Checking the Accuracy of Clocks. Time j 

pends upon constant uniform motion. The earttT^. • 
a body with uniform motion. Its time of rot S, “ 
Its ^s IS the same now as when the Chinese first^uS’** 
sundial, and as it was when man lacked every artifil! 
rneans of reckoning time. The astroriomer teUs 
the earth is so regular in its rotation upon its axis thauS 
motion does not vary one second in 100,000 years U' 

^ M of by the Doited States Naval Obeetvato 

m checking the accuracy of its clocks. ^ 

Sidereal Time. The time it takes for the earth tn 
rotate and come again to the same position with reference 
to a certmn star is the sidereal day. You have learned 
that great circles passmg through the poles of the earth 
and crossmg the equator are meridian circles. If we 
have a telescope which can swing in a north-and-south 

hf™ ft ‘ T <■« miooMive p» 

qinL ■+ meridian is a- sidereal day, 

If ^ observations on the stars, 

Oideredto. =»tronomical olocta which tap 

interval which 

elapses between two successive passings of the sun across 

™ 

use y average is the mean solar day which we 

dat “^ean solar 

dZ N .56 seconds longer than the sidereal 

^ Cities, unless they are under the same 
mendian circle, can have the same solar time. 
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A sidereal day la the time consumed by the point A, on the equator, in going round 
lathe direction of the arrows and returning to the atartlug point. Since the earth Is 
rerolting in Its orbit, a star seen in the direction OAS in the beginning would be in 
the direction O' A after the earth has turned around. A solar day is not complete 
until the earth has turned around sufficiently to bring A directly under S (sun). 


Standard Time, In two cities using sun or solar time, 
it could not be twelve o’clock at the same instant if one 
city were farther west than the other, since the rays of the 
sun would not strike both cities at the same angle. If 
each city used its own local sun time, every traveler going 
east or west would need to change his watch one minute 
about every thirteen miles. This would be a great incon- 
venience to business and to railroads. To overcome such 
hindrances certain time belts have been agreed upon which 
use standard time. At any given instant all places within 
a given belt will have the same time, and two adjacent 
belts will differ by one hour. This system has been 
adopted throughout the world, and we speak of it as 
standard time. Standard time is a geographic arrange- 
ment of mean solar time devised to meet the needs of 
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an industrial and commercial world THp 

can be chmiged by simple calculation to ourTtfi®" 

time, which is sent out by telegraph and radio 

from the Naval Observatory in Washington 

from the Mare Island Navy Yard in Califoriia ’ 




tneriction. 


notioth 

/narujkc 

ivr 



/Voon 


Why l8 the ^eenwioh meridian so Important in telling time? Whatdiff.™ ■ 

hme exists between Greenwich and PhilaLlphla? 

Time Zones or Belts. The day is divided into 24 hours 
For convemence in measuring, the circle representing the 
equator is divided into 360 degrees or parts, and each 
pomt IS connected to the north and south poles, maJdiig 

“T These Mridmi,. 

mdica te the degrees of longitude. The meridisn which 
, passes though Greenwich Observatory, England is 

Prom this pomt, the meridians are numbered both east and 
west from 0 to 180°, making 360° in all. Every ffieen 
degrees (360 divided by 24) either east or west marks the 
end of a tune zone or belt and represents a difference of 
hour from the preceding zone. The time in the zone 
e our later and in the first zone west is one hour 
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earlier than the time at Greenwich. The seventy-fifth 
meridian passes through Philadelphia. Philadelphia is at 


the center of the 
fifth time zone west 
of Greenwich and 
the time in Phila- 
delphia is, there- 
fore, five hours 
earlier than Green- 
wich time. The 
zone boundaries in 



the United States 
are not exactly in 


What ia the difference in time between Boston, 
Masaachueetta, and San Francisco, California? 


line with the naeridians. Local conditions near the bor- 


ders of zones determine in which time zone a certain town 


or section will be classed. The standard time zones for 



When it la noon in London what time is it at the 
international date line? 


the United States are 
indicated in the dia- 
gram. 

International Date 
Line. If in one day 
one were to travel 
west around the world 
and set his watch 
back one hour for 
every new time zone 
he passed through, he 
would lose twenty- 
four hours, or one 
day, in his journey. 
If he traveled east 
instead of west, by 
setting his watch 
forward one hour 
every fifteen degrees,. 
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he would gam one day. To avoid confusion it 
that the addition or subtraction of a day be 
same place for all travelers. So a stfudlH S 
adopted by all the countries of the globe Tli ^ 
fed ei^tieth meridian, wUch paeeee though 
Ocean directly opposite Greenwich, is called^ tiT® . 
tionaJ date line. Some h-mgulari.^ tatj ^ 
to prevent making two different days for neorfp 1 
the same group of islands in the Pacific OceL 
come to this line sailing west from America to 
drop out a day. That is, if you rea^ron si d?'’ 
call the day Monday. When sailing east if vn 
the line on Sunday, you call the daylaturday. 

The foUomng clipping from a newspaper rives sn 
account of the change in time when the Graf^emeZ 

going i. 

Mo 

Possengers on the Graf Zeppelin will 
experience a strange moment in world 
travel when they cross the place where 
the day begins,” the international date 
or calendar line This is the ISQth merid- 
ian, in mid-Pacific. 

crossing probably will be tonight, 

thp^ doubling 

toe day she crosses the meridian. The 

SS/ Pf sengors wiU go to bed Saturday 

®u'u' “ crossed Sunday, there 

will be two Sabbaths. 

a direction. 

to^bL A altogether. Going 

5^“ t‘d"S.X‘: 

®ayHghte3avmgttoo,n8edbynm, 

states and cities m smmner, is obtained by selling tto 
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clocks one hour ahead of standard time. Sunrise and 
sunset are, therefore, one hour later than that indicated 
by clock time. The change of business hours in the 
summer months makes it possible for all people to utilize 
the period of light which comes early in the morning. 
It also gives the workers a longer evening for recreation. 
The plan has much in its favor although it has met with 
some opposition from farmers and others who do not stop 
work until sunset. It makes a considerable saving in 
fuel and light. 


SELF-TESTING EXERCISE 


Select from the following list of words those which best fill the blank 
maces in the sentences below and arrange them in proper numerical 
order. A word may be used more than once. , 


thirty 

international 

surface 

inaccurate 

longer 

shorter 


Huygens 

39.1 

accurate 

Newton 

fifteen 

hour 

Galileo 

one 

keeping 

Edison 

twelve 

dial 

line 

dropped 

true 

earth 

weights 

uniform 


time were not (2). 
, operated by (4)_ 


The move- 
did not have 


Early methods of (1)— 

ment of hands over a (3) -r — , 

(55 motion until the pendulum discovered by 

applied to clocks by (7) was used; A sidereal day is (8)__ 

than a mean solar day. Belts differing by (9) (10)- - i 

time from one belt to the next surround the (11)-- — approximately 

every (12) degrees of longitude. If travehng west, a day is 

( 13 ) out when you come to the (14) date (15) 


ESSAY TEST 

Ahito Has "Read Up” on Time Keeping 
Bead carefully and criticdly. List all the errors and suggest 
corrections. 

“Does your watch keep good time?” someone asked re- 
cently. I repUed that there is nothing that can keep time good or 
bad. Time continually progresses in one direction ; it cannot be 
halted or reversed. It is the passage of time that we try to measure 
with our timepieces. Until modern clocks were invented the only 
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way man could keep track of time waa hv 

accurate clooka of today would be -m ® 
not for the pendulum. Pendulums cannn? k ^ it wero 

because of their size; instead, a device called ^ 
vibrates and causes the motion to be uniform*^®r^“ 
require a mainspring to drive the wheels but usf' clocfa 

nstead of a pendulum to keep uiutS mSi^ 
from the stars and call it sidereal time ^he time 

differs so much in different parts of the time 

many stars from which they get theii- time , so 


THE REVTEW SUMMARY 

In preparing a summary of what vnn i. r 
unit, you wiU want to place emphasis on this 

come from the applications of tL fact^vou iS,'® 
demonstrations you have seen learned and the 

fatta*^°T^ reading which has helped you put^toeeth^^ ®°“'® 
wets into generalizations or funda/entii * *°®®*i*.®r some of the 
For this unit some of these generaUzSa are“ 

benefit^mam “ radiations, many of which 

as evieTufrot^^^^^^ -rface is regarded 

the^su?oTKrth *1^® ^1^®* rays of 

motion. measured by devices having uniform 

to avoid oonfusiom ® Can^ou^ “add ^y to“h^^^ “Sreed upon 

^ur knowledge of X’^faoW thrSTirb^^^”]*' test 

so as to bo sure you know the facts undo* ®*r®®l«ng over the text 
or generalizations. Then using this *he science principles 

have read, seen,' or done Seff m^o everything you 

This outline you may use when you make a'^^eeite™”^ 

TEST ON FUNDAMENTAL CONCEPTS 

■ In another column under 
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incorbect write numbera of all the fdlae statements. Your 
grade = ‘right answers X 3^. 

I. Changes in seasons are desirable so that: (1) we may use 
changes of clothing ; (2) we may have more energy ; (3) we may have 
a greater variety of fruit and vegetables ; (4) we may have ice 
for skating ; (5) we may keep from getting too hot. 

II. Among the causes of the seasons are : (6) the earth revolves 
around the sun ; (7) the axis of the earth is inclined to the orbit ; 
(8) the sun’s rays vary in directness ; (0) the rays coming to one 
place on the earth do not always come through the same amount 
of air ; (10) the length of daylight at a given place changes. 

III. Standard time makes use of a day determined by : (11) the 
rotation of the earth from one transit of the sun to the next; 
(12) rotation from one transit of a star to the next ; (13) two con- 
secutive transits of any planet, for example, Venus; (14) agree- 
ment as to the mean solar day; (15) the rising and setting of the sun 
each day. 

IV. The following are important facts about time: (16) daylight- 
saving and mean solar time are the same; (17) standard time 
means sidereal time ; (18) if you cross the international line going 
west on Thursday, you call the day Friday ; (19) if your watch 
indicates daylight-saving time in New York and your friend has 
his set to standard time in Chicago, the two watches will read alike ; 
(20) news of an event which happened 5 p.m. standard time in 
London may be printed in newspapers and on sale in New York 
at 4 F.M. the same day. 

Y. A pendulum clock has : (21) a balance wheel ; (22) either a 
mainspring or a weight to keep it running ; (23) a hair spring to 
regulate its speed ; (24) no way to change its speed ; (25) an 
escapement wheel. 

VI. A balance-wheel clock; (26) needs a very short pendulum ; 
(27) may have a mainspring; (28) must have a hair spring; 
(29) has a rocker arm; (30) is regulated by changing length of 
pendulum. 

PRACTICAL PROBLEMS 

1. " Why did Admiral Byrd select December rather than June 
for his flight over the South Pole? 

2. Make diagrams to explain why the sidereal day and solar 
day are not exactly alike. Remember that the earth travels about, 
1,600,000 miles a day in its orbit around the sun and that the sun, 
being only 93,000,000 ihiles away, is near the earth when compared 
to even the nearest of the stars, which is 26,000,000,000,000 miles 
away. 
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3. A person in New York, who happens to be talking to a friend 
in Australia by radiophone, looks at his watch and the calendar and 
remarks to his friend, “It is now Just 7 p.m., December 31, I935.11 
His friend immediately replies, “You are wrong, for according to 
my watch and calendar it is just 10 a.m., January 1 , 1936,’\ Ex- 
plain how both may be right. 

i . When it is 10 a.m. Thursday, standard time, in Chicago 
what time is it (a) daylight-saving time in New York 7 (6) stand- 
ard time in San Francisco? (c) standard time in Honolulu? 
(d) standard time in Wellington, New Zealand? (e) standard 
time in Manila ? 

5. Can the sun ever be seen at midnight ? 

INTERESTING THINGS TO DO, READ ABOUT, OR SEE 

1. Twilight in difierent parts of the world at different seasonB. 

2. Do we need a new calendar? Reasons for and against. 

3. History of our calendar. 

4. Cause of perpetual snow and ice at the poles, 

5. Why our forenoons do not always equal our afternoons. 

6. Ultra-violet rays and health. 

7. How to get a tan without a sunburn, 

SCIENCE FOR LEISURE TIME 

1, DiNisEB Time eob One at the Nobth Pole 

Suppose four men living respectively in New York, Chicago, 
Denver, and San Francisco agree to start north at the noon dinner 
hour. Suppose it is possible for them to continue to travel north- 
ward each along the meridian circle of the city from which he starts. 
Each day at noon he has his dinner. 

(1) Where will these four men meet ? 

(2) Soon after they meet, the man from New York looks at his 
watch. It is 12 o’clock and he says, “ Gentlemen, it is now dinner 
time, shall we eat? ” What are the others likely to reply? 

(3) Which one has the correct time for the North Pole ? 

(4) If each sets his watch to agree with the one carried by the 
man from Chicago and then returns to his home city, how will his 
time compare with the correct time at his home ? Answer for each 
of the four men. 

2. Mbasubinq a Sidbkbal Day 

Locate a brilliant star towards either the east or west. Arrange 
a pea shooter with clamps to keep it securely in place. Adjust 
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it so you can just see the star through it. Record the time by a 
correot timepiece. Sight through the pea shooter just a little 
earlier the next evening. When the star appears, record the time, 
ifhe time that elapsed between the two readings is a sidereal day. 
How does it compare with a day clock time? 

3, Motion op Pendulum 

Tie a button to the end of a thread. Fasten the string 6 inches 
from the button and set it to swinging. How many times does it 
swing per minute? Fasten it 12 inches from the button. How 
many times does it swing per minute? How does the length of a 
pendulum influence its rate of movement? 

4. How TO Tell Dihection with a Watch 

Hold the watch horizontally in hand. Place a pencil close to 
edge of watch vertically in front of point of hour hand. Move 
watch and pencil until pencil shadow coincides with 
the hour hand. Then halfway between the point 
of the hour hand and 12 on the watch dial is aovih. 

SCIENCE CLUB ACTIVITIES 

1, Make a Water Clock 

The diagram will suggest how you can make a 
water glass on the principle of the sand glass. The 
time it takes the water to run from the top bottle 
to the lower one depends on the size of the opening 
left in the ends of the jet tubes and the amount 
of the water. With an 8-ounce bottle you can 
easily make a 3-minute glass ; with a 16-ounce 
bottle you might make a 6-minute glass. Mark 
on a scale the level for minutes and half minutes. 

Invert the clock each time to start action. 

2. Make a Sundial 

The sundial consists of a horizontal dial and a 
shadow-making style or gnomon, as it is called. 

The gnomon out from metal or wood is triangular, 
having the smallest angle equal to the degrees of latitude of the 
place where it is to be used. The gnomon is fastened to the dial, 
with the small angle to the south and on the center of a base east- 
west line. Place so the gnomon is in a true north-south line. 
compass, making correction for North Pole, or sight it towards^H 
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North Star in the evening. Mark scale by test notino. j 
line every hour. The scale can be marked off bv 
calculation, but for this you will need to consult referenc^®^^®®* 


3, Sun Spora 


Try to arrange with some one who has equipment fnr = • 
the sun spots an opportunity for members of theXb to 

BUT! snnt.a tO see t.hn 


Bun spots. •' to Bee the 

4. A Clock Census 

Members of the club will see what types of old and nPTir i i. 
they can find at home or borrow from frienda A ^ olooks 
take the “census " to learn XtTflfw ^ “““"“^ttee mil 
They then request certain ones to bring clocks to 

explain the outstanding features of the clocks Get as“aSvariJ° 
of types as possible. - ^ variety 

5. Time around the World 

bl«. Mart “o» 

“hS 

“Wssitlis 

representing differences of longitude of 16 ° TPnnf. / r * -n ““ 
resent how much difference in timf? ' 

the time at GreXkh 12 nV n f “^'’^'^lans of longitude. Mark 
each of the SeT points ^ 

for those placTwhose JhSiB Li ^,®“^®“ber to use a.m. 

to show the sun's ravs parallel to it 

the time of ye^r ;« Sen earth. If 

having sunrise? WhL timo “lap will people be 
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At tli0 ffloment of time shown, will it be the sime day of the 
week everywhere on the earth? Mark 166“ E. A, 180“ B, and 166“ 
f . (J, Suppose the earth turns so that point B has moved to £7. 
How will the time for people living there be changed? If the day 
begins at longitude 180“ will there be a change in the day of the 
week as well as in the hour of the day? Think out the result of 
crossing the date line as one travels east or west, 
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Overton, G. L., Clocks and Watches. Sir Isaac Pitman & Sons, 
1922. 
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SuRvioY Questions 

Do rivers ever make important 
Imd “ *® surfaces of the 

^at is a delta? A flood plain? 
Way do nver deposits vary with 
seasons ? ^ 

Have you ever heard of the con- 
tinental shelf? 

deposits in 

Do pu know the types of moun- 
tsins nearest you ? 

What relation do man’s activities 
surface features of the 

earth r 
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UNIT X 


HOW THE EARTH’S SURFACE INFLUENCES 
MAN’S ACTIVITIES 

PREVIEW 

Any girl or boy who has climbed to the summit of a 
hill or a mountain knows the feeling with which he looks 
out over the expanse below. We are alert to pick out 
this or that familiar landmark; we spy out forests here 
and fertile fields there, a lake nestling among the hills, 
a little town or river in the valley, perhaps a big city far 
off on the shore of some large body of water. We have 
that feeling of elation which comes to all after having 
accomplished something worth while, and we feel that 
the world spread out below us is a wonderful place to live 
in. How many of us, do you suppose, think back into 
the past and ask, “How did all this rock and soil come 
into existence ? Were they always just as they are now ? 
Or did the earth grow and change, much as the living 
things do?” 

Regardless of how the earth was formed, it is a fact that 
a large part of the rock material we find upon or near the 
earth’s surface has been at some time in a molten condi- 
tion. It is possible that in some remote age volcanoes 
were active over a large part of the earth’s surface. We 
may imagine a landscape full of huge craters, of great 
irregularity, a vast wilderness without living forms. It 
was this bleak, lifeless earth that has been transformed 
into the beautiful world covered with vegetation that we 
know. At some time, water was condensed and filled 

m 
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the natural depressions or basins in the rock Th 
movement of water in its never-ending cycle has wrouil 
important changes in the surface of the earth, and thel 
~ ~ changes are 



place today. Yo\. 
canoes, earthquakes 
and great floods often 

make rapid changes 
in the earth’s surface • 
but all the time there 
are the slower changes 
brought about by the 
action of wind, water, 
heat, frost, ice, snow, 
plants, and animals. 
These agents are con- 

A contQur map. Is tUs a level area? Shantly at work 
.. , . , Changing the rock to 

soil, changing the contour ^ of the surface of the land and 
deepemng nvers and oceans or filling them in. 

We know something of the changes that have taken 
place m the earth since the time it was a young planet 
without life The etoiy of how mountaii/aud S 
were formed, of how great rivers cut down mountains and 
earned them away to the ocean, of how water spread out 
great masses of earth to form the fertile plains of today, 

' great lakes and harbors came into beW 

will be told in this unit. We shall learn as wellhowmanhas 
come to use these land forms as sites for his great cities, his 
fertile farms, or his safe harbors. The pages that follow 
wm help ^ to know more about some of these things. 

weathering, erosion, and soil formation 
are not given m this unit, having been given in My Own 

through diffe^ 
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Science Problems, but they are important as a basis of 
understanding the work done by rivers. Check your 
knowledge on the following : 

Science Principles 

1. The surface of the earth is being changed all the 
time by the agents of weathering and erosion. 

2. We can identify many changes as of ancient origin 
and others of recent origin. 

3. Fossils give us information about much of the life 
on the earth millions of yeans before the arrival of man. 

4. Soil is composed of fragments of rock. 

PROBLEM I. HOW WERE MOUNTAINS FORMED? 

Forces Acting within the Earth. Our ideas concerning 
the structure of the interior of the earth have been much 
changed in recent years. There is evidence from borings 
made into the earth’s surface, from hot springs and vol- 
canoes, that the interior of the earth is very hot. So hot 
indeed that were it not for the great pressure of the rocky 
crust it would be liquid. Gravity is a factor in creating 
the pressure that holds the material inside the earth in a 
more or less rigid form. Nevertheless, it is not believed 
, to be so rigid but that it may change its form to some 
degree. The pressure of the huge ice cap that covered 
parts of North America during the glacial period probably 
pushed the crust of the earth down under it and there was 
an equal rise or bulging somewhere else. The deposits 
of eroded material brought down by rivers to the ocean 
along the coast may produce a downward force, while 
the removal of material from mountains relieves the 
pressure so that uplift in a mountain area may be equal 
to the loss from erosion. This warping may be very grad- 
ual and may result in variation of the relative levels of 
land and water along the seacoast. 

H. & w. SOI. n — 19 




^ mountains. The upper picture shows a glacial carved side oTZ 
Stanite rock mass of Mount Whitney, the highest of the Sierras The lower 

not more then 10,000 years ago. Would this mountain ever be as high as the 
one in the upper picture ? Give your reasons. 
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have a rubber ball filled with, water, when you press down 
in two widely separated places there is an elevation 
produced between them. The forces acting to restore 
balance between large areas may cause a folding or 
crumpling of layers of rock not far below the surface. 
This folding may result in a long elevated ridge roughly 
parallel to the coast line. We find many of our mountain 
ranges today have just such a relation to the coast line. 
Look at a map of the western coast of North and South 
America if you wish to see an example of this. When re- 
adjustment takes place over large areas, instead of folding 
into a mountain ridge, a large flat area may be elevated, 
producing a plateau as is fomid in Utah and Nevada. 

Other Types of Mountains. Besides the slow growth 
of long ranges of mountains just described, there are some 
ways which are very rapid. Volcanoes may throw out 
voliunes of volcanic ash or flowing lava and thus build 
volcanic cones. After the explosion of Mt. Pel4e in 1902 



Diagiom to show how block mountains ore formed by faulting. Can you see why 
the mountain range is formed along the fault lines shown In the model ? 


the soHd lava in the crater began to rise and within a 
space of seven months this mass of solid rock rose to a 
height of 1000 feet. It is believed that as the lava was 
pushed slowly upward, it solidified, so that its surface was 
always solid rock. 
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Another type of mountain is called the block mount ' 
In many parts of the west, the country is formed of 
blocks of underlying rock which are separated bv 
or faults. When one side of the fault line is raised?^! 
tilted, a block mountain results. Many of the we t 
mountain ranges are block mountains. These mount 
are usually rough and rocky and do not give much^^”^ 
portunity for man to live there, although they do hi' 
a great storehouse of mineral wealth. Some mounts' 
result from the surrounding country having been carS 
away by erosion, leaving the harder rock underneath eir- 
posed. Lookout Mountain in Tennessee is of this kind 

Earthquakes. Deep 
in the earth, under 
great heat and pres- 
sure, rock masses may 
be bent and twisted 
as if they were plastic 
like putty, But in 
the outer shell of per- 
haps ten miles depth 
the rock is colder 
and brittle. As the 
changes which are 
essential to preserve 
equilibrium go on, 
these brittle layers of 
rock are put under 
severe strain and 
from time to time 
they crack or snap 
j , , apart. Often long 

ssures dlevelop and the rock on one side is displaced 
upwar , ownward, or to one side. These lines of weak- 
ness, once formed, become the source of frequent slipping 



Science Service 

An earth flaBUie on a fault line made in a recent 
earthquake In Utah, 
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later on. AH these movements result in. earth vibrations 
of greater or less violence. These movements are known 
as earthquakes. No part of the United States escapes 
slight quakes. A little 
over a hundred years 
ago very severe earth- 
quakes occurred in 
the lower Mississippi 
Valley.- These may 
have resulted from 
strains caused by 
transferring so much 
material from the 
land to the gulf by 
the Mississippi River. 

In 1886 there was 
a severe earthquake 
which did great 
damage in Charleston, South Carolina. In recent years 
the greatest damage has been done along certain fault 
lines near the Pacific coast, which have resulted in the 
San Francisco, Santa Barbara, and Long Beach earth- 
quakes. 



This fence was connected befoie the San Fran- 
cisco earthquake of 1906. How do you account 
for its changed location? 


SELF-TESTING EXERCISE 


Select from the following list o/ words those which best fill the blank 
spaces in the sentences below and arrange them in proper numerical 
order. A word may he used more than once. 


cold 

warm 

hot 

weathering 

lake 


uplift 

elevation 

nearby 

certainly 

fault 


surrounds 

doubt 

sinking 

changes 

make 


erosion 

earthquake 

coast 

ranges 

mountain 


That the interior of the earth is very (1)_ — there is no (2) — ^ — 

Changing pressures on the earth may result in (3) in one region 

and (4) in another. Our highest (6) (6) are parallel 
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1? 1 slipping of one large mass nf r. i ■ 

earth past another along a (8) line in ihn the 

(9) Mountains have resulted from (10) o!, j an 

of material which (12) them. ^ ^ (H) 


XJBOl 


Linms Gives the Modehh Ideas op Mototaih Makwu 

List all the errors and suggest 


Read carefully and critically, 
corrections, 


Formerly they likened the earth to a hot baked annlp • +j, 
of the earth represented the skin of the apple 
apple cools, the skin wrinkles. They made the 
as the earth cooled the interior sot Moler “““P^J^won that 
to fit it, it caused mountain ranges. There are man crust tried 
this is the case. There are other reasons 
Fill a rubber hot-water bottle fuU of water. Close it™ 
load one part of it with a small iron bar tlint n/vf • i 
other part rises. If you press ^ 

some other part fill out. The eai-th is fufi of 7°“ can see 

if it wore not for the great pressure of the ***“* 

would be liquid, Thi! “alw“ 1 AX “MlUt 

on the eontiuontl eholf inereuL the Bieesu Am tt I ■?"* 
the rocks from the land by erosion Hpnmo^ ^+ 1 °^ I^cccoving 
The result is that by a lever^action tha^nnt“ 

and the land area rises to 

weaker than another, it may STway mpn?/‘i?^ “ 

will be an earthquake Tf nn nn ■ cracks occur, there 

rock will run out and a yolcano^rbVfoS deep enough, liquid 

--is 

bSJhl 7, flow into another river. Such a 

the direcVon^^orthf ^ ^ ^ determines 

rivers have, through theX ^ waters, and the resulting 
6 e long ages, cut and worn down 
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Canadian Pacific Railicau 


Water flows from one side ot this divide into the Pacific Ocean and on the other 
into the Arctic Ocean, Do you see why it is called the Great Divide? 

the rocks and land to form the valleys. The erosion by 
the river makes the valley deep ; its winding back and 
forth and the weathering make the valley wide. In its 
early stages the river is deepening this valley rapidly, 
its sides are steep and often rough and rocky. The old 
rounded mountains of the Adirondacks and ‘White 
Mountain ranges have been in a process of change for 
a long, long period. After the soil was formed and 
vegetation covered the hillsides, the work of changing 
went on more slowly. The deep notched canyons of the 
far west, however, which show the forces of recent erosion 
by water, are known as young valleys, and have been 
made in quite recent geological time. 

How Deltas Are Made. Another result, of erosion 
is seen in the formation of deltas, great triangular areas 
of earth at the mouths of large rivers. Deltas are formed 
entirely of material which has been carried long distances 
by rivers and finally deposited where the current of the 










TheiiTinsrKinh... .L. , U. S. Forest Serrice 

The lower a yowg valley “tte^sS M ‘‘’’t 

Ih.™A ■ How would you sum up the 

charactenetios of the mountains in each ? 
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water is slower, usually at the mouth of the river. 
The glaciers which at one time covered aU the northern 
part of the United 
States must have fur- 
nished an immense 
amount of water and 
billions of tons of soil 
to the rivers, which 
aided in the formation 
of some of our south- 
ern states. It is esti- 
mated that four 
hundred million tons 
of sediment are carried 
each year to the Gulf of Mexico by the Mississippi River, 
but the delta only grows at the rate of one sixth of a 
mile a year. This delta must be very deep, for a well 
sunk in New Orleans brought up a piece of driftwood 
from a depth of 1042 feet. 

Flood Plains. At time of flood, rivers carry much 
sediment, and when they break through the banks and 
spread over the plains, the speed of the water is slowed 
up greatly, thus allowing much material to be deposited. 
This material forms soil. A large part of the soil of the 
earth has been moved by water. In this moving much 
of the clayey material which does not make good soil for 
crops by itself is mixed with sandy soil. The sand 
makes the clay more porous and forms loam, which is 
fertile and easily worked. These mixed soils are found 
on plains and lowlands, causing these regions to be of 
great value to agriculture. 

Why Sediments Are Deposited in Layers. The swifter 
the water flows, the larger particles it can carry. Slowly 
moving water can carry only very fine particles. If rivers 
always had the same volume and moved with the same 
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sp^ over the same material, the denosits » a 
uniform. But our rivem vary greatly in 

1 =Pue<i.andtheirciS 

ing power increases 

tremendously with in. 

Cl ease in speed, if 
a stream has speed 

enough to move a rock 

the size of a baseball 
at double the speed 
It can move a rock 
equal to 64 baseballs. 
If we increase this to 
three times, its carry, 
mg power is increased 
729 times. This fact 
accounts for the dam- 
age done by swift 
waters at the time of 

varying volume and speed of rivers 

carried and denosit^H ^ sediment 

amt we will Ce “ 

with lavers nf ma ^ material alternating 

pile uu are Hood 

area, for the most nart k water is shallow over this 
deep.- * ^ a few hundred feet 



'1 ’■< 'iM sf-n 

TOi..* _• . ©JHIeman 

What aize particlaB do you think this stroam 


would carry ? 
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Effect of Salt on Deposition. Since rivers carry clay 
particles so much farther than they do coarser particles, 
it has sometimes been wondered why there are not greater 
clay deposits far out in the ocean beyond the continental 
shelf. A simple experiment will help to explain this. 

Demonstration 1. Suspensions of Clay in Fiesli and in Salt Water. 

pill two pint bottles f full of water. In one dissolve a table- 
spoonful of salt. Put a teaspoonful of dry powdered clay into each 
bottle. Cork and shake both bottles. Place them in the window 
or in front of some bright light and watch them. 

(1) In which one do the particles remain in suspension the longer ? 

(2) What is the effect of the salt upon deposition of suspended 
matter? 

(3) How does the suspension of clay particles differ in oceans 
from that in inland lakes and rivers? 

From this experiment it is readily seen that clay cannot 
remain suspended in sea water long enough to be carried 
beyond the edge of the continental shelf. The deposits 
out in the deepest ocean are therefore derived from other 
sources as volcanic dust and remains of plant and animal 
forms that have hved in the ocean. 

Ocean Action. Ocean currents along the shore depend- 
ing upon their speed carry many fine to coarse rock par- 
ticles. The waves in time of storms beat upon the shores 
with terrific violence. They may batter the rocky cliffs, 
causing them slowly to crumble. They may wash away 
the unprotected banks of soil. The long arm of land in 
Massachusetts known as Cape Cod, which is a deposit of 
glacial origin, is being worn away at a rate of over two 
feet a year at its narrowest point, and it is only a matter 
of time, variously estimated at from two to five thousand 
years, when it all will have been washed away. At the 
same tiTna that the waves are wearing the land away in 
some places they are building it up in other places. 
Where the currents are slower because of protecting 
headlands or more shallow water, they may give up their 
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load of sediments In this way many of our beaches with 
their marshy backgrounds are produced. The beachp • 
some places are mostly pebbles and in other places s^d 



How was this beach formed ? Saad your text 


he Size of particles deposited depends upon the principle 
of the sorting power of moving water. This picture shows 
how some beaches have been built in the New England 


SELF-TESTING EXERCISE 
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speed 
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ESSAY TEST 

Mabin Makes Science Observations on Hib Travels 

Read cdTofully und CTiticdUy, List dll ihs errors dnd suggBst 
carrettions. 

Last summer I went through the Canadian Rookies. At one 
place I saw a stream of water coming towards me divide, one part 
turning to the right and the rest to the left. I was told that 
one stream would run into the Pacihc Ocean and the other into 
the Arctic Ocean. Can you give the technical term to apply 
to this height of land? I just wondered which would reach its 
ocean first, what work it would do ,on the way, and what each 
would contribute to the ocean it was going to join. Would any of 
the water fail to reach the ocean? I saw plenty of evidence of what 
other streams of water had done in making a similar journey. I 
saw muddy streams and clear streams and I knew right away that 
tlie clear streams had no fish in them. When fish move around, 
they stir up sediments and make the water muddy. While boating 
on a large river not far from the ocean, I remarked how clear the 
water was. My companion covered a wire hoop with cloth and 
let the water flow through that. My, but it was dirty when he 
took it out. There were quantities of fine gritty particles. If it 
were not for such particles carried year in and year out, there would 
not be much of a continental shelf along our coast. 

PROBLEM m. HOW MAN HAS MADE USE OF LAND 
AND WATER SURFACES 

Factors Which Have Resulted in Settling Our Coun- 
try. We all know what a lot climate and water supplies 
have to do with man’s activities. But few of us think 
very much about what the contour and geological formar 
tion of the land had to do with its settling and the later 
growth of cities. We know the Pilgrim. Fathers thought 
the Massachusetts coast an inhospitable place after 
their first winter, and we know what struggles the Spanish 
Padres had to colonize the western coast. But in one 
case it was climate and in the other water supply that 
made colonizing diflicult for these two groups on opposite 
shores of the country. And yet if we think a moment, 
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Ail map of the great harbor of Kew York. Explain why New York is afaTorahle 

site for a city, 


we can see reasons why different parts of our country 
were settled and grew. Along the eastern seaboard, towns 
sprang up at points where there were harbors. Settlers 
pushed westward along river valleys and settled where 
they found fertile flat or gently rolling land having water. 
The pushing on of the pioneers t(j the far west was partly 
adventure and partly a desire for more free land on which 
to hunt, trap, and make homes. Then the gold rush to 
California in ’49 and the almost equally famous rush of 
miners to the Rockies, west of Denver, in the early ’70’s 
resulted in settlement, not so much of the wild, rocky 
regions where the gold was found but of the cities of 
San Trancisco and Denver, which formed bases for sup- 
plies. If we look at a map of our country, we find 
that most of the larger cities are scattered along the 
coast at the mouths of rivers, or if not there, on rivers 
that are navigable. In the central west, with but few 
exceptions, the cities are near waterways. In the Rocky 
Mountains region the few large cities there have come 
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into existence because they were important. railroad or 
supply centers for the surrounding country. A very 
large part of our more thickly populated country lies 
along river valleys or at points where water communicar 
tion is easy from one place to another. 

How Valleys Affect Man. A young valley does not 
make a very good place for man to live in, for the rivers 
are generally too swift for navigation, although they do 
produce water power. There is little opportunity for 
agriculture, but the mountain sides may provide timber. 
On the other hand, an older valley; with its gently sloping 
aides and its fertile floor, makes an excellent place for 
agriculture. Often such valleys have navigable rivers and 
80 give opportunity for commerce. Cities will spring up 
there because communication is easy. Raihoads usually 
follow rivers, and broad valleys like the Ohio are places 
favorable for man’s activities. When the valley becomes 
veiy old, its sides widen out still more and large poorly 
drained plains that may be flooded in high water are formed. 
Such a valley is seen in the lower Mississippi region. 
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great plains exist only a few feet nhnvo 
wato. Eed<»stl,Mbymeam,ofbuil<toeS“'f^“' 
banks called levees, but the flood waters 0^^®*?”^“® 
th^ th^ae barica, cauaing great danraga to 

.^rfTroSrb;%’irL^g 

surrounding country. This was sLn t 
Colorado Eiver. In 1904 it hf>ij-nr> + t, ^ 
through an irrigation ditch, and\y 1995 aU th 
the Colorado was discharged by wav of 
^t depreadoa lying below its bed in aoMhSSo”*” * 
Before long .t formed the Salton Sea, about « Sl^ 
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10 to 15 miles wide, with a maximum depth of 76 feet, and 
ija waters were rapidly encroaching on the fertile Imperial 
Valley, just to the south. Only by hard work and the ex- 
penditure of millions of dollars was the gap closed and the 
river made to return to its old channel. The surface of the 
Yellow River in lower China flows in a groove at the top 
of a ridge, and when it goes into flood, it may either cover 
vast areas of land, or even, as it did in 1852, make a new 
channel for itself miles away from its former bed. This 
has resulted in famine and death for millions of Chinese. 
Flood waters carry more sediment, and as they slow down 
upon reaching more nearly flat areas they deposit a large 
part of their load. Often large rivers build up great deltas 
made of the sediment that they have deposited near their 
mouths such as seen just below New Orleans. Millions 
have been spent there to hold the Mississippi in its channel. 
New Orleans is largely below the water level and about the 
only hills are the artificial ones that go up to the river’s edge. 

Control of Floods. Such floods as have been described 
are usually due to the forests near the head waters of 
these rivers being cut away, leaving bare land from which 
rain water flows off quickly. In China these forests were 
almost completely cut away centuries ago, with the result 
that the country has constant recurrent floods. The 
best control of such conditions would be to reforest these 
areas and build controlling dams which would hold back 
the water and distribute it slowly. 

Other Ways in Which Water Has Changed the Earth’s 
Surface. During the age when glaciers covered the 
northern part of the United States, 20,000 to 50,000 years 
ago, there was a great lake covering over 110,000 square 
miles in the area now occupied by the region of the Red 
River of the North. This region, now drained, is an 
important wheat-producing area. Plains are geographi- 
cally the most favorable areas for man because they give 
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AnUmonPhm 

Farming In ths Red Hiver of the North area. This was once a hig lake. When? 
Do you know why this lake dried up ? 


him much land for farms and easy transportation both 
by road and railroad. 

The ££fect of the Contmental Shelf on IVEan. In many 
parts of the world the coast is rising. When this happens, 
the continental shelf is slowly elevated and we have a coast 
liie that seen in the Virginia and Carolina coastal areas, 
lowlands dotted with salt marshes. Such a coast, 
because it is sandy and has to be fertilized, is not being 
used for agriculture, and consequently will not be thickly 
populated. Where the coastal plain joins the older 
mountain areas, rivers usually cut down into the newer 
land to form waterfalls. The boundary between the old 
and newer land on such rivers is called the /aZZ Um, 
In former days when water power was very important for 
grinding grain and sawing lumber, and because it marked 
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the head of navigation, the fall line became the location 
for many small cities. You can find a series of such towns 



The continental shelt off New England. What effect doea this 
, have on Gloucester, Masaachueetts? 

by studying geological maps of the region near the ea.stern 
seaboard. The continental shelf along the ocean coast 
provides relatively shallow water, which favor’s certain 
forms of life. Cities with large sheltered harbors near 
the fishing grounds may depend almost wholly upon a 
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single industry, as does Gloucester, Massachusetts u 
salt-water inlets up the James and Potomac and Ch 
pealce Bay offer many shallow areas well fitted for ovT' 
farming, while the more rugged New England oJT- 
better adapted for lobster fisheries. “ 



The Effect of Sinking and Rising Coast Lines. In 
places the coast is sinking instead of rising. In this 
the sinking of the land makes an irregular coast line Sh 
many good harbors, such as that of San Francisco’ Bos. 
ton, and New York. Such coasts are very favorable for 
settlement, and are most important factors in our com 
mercial life. Sinking coast lines make deep harbors 
but sometimes offer little flat land for a city. San Fran- 
cisco and Seattle have good harbors but are very hilly 
Los Angeles, where the coast line is rising, is more level 
and had no riatural harbor. The water was so shalW 
that large ships had to anchor three miles out until an 
artificial harbor was made. This change of a shallow and 
unsafe anchorage area to a protected safe harbor, with 
deep water shows how a progressive people can change 


■ AB A .. 1 *_ PvhiinheTit’ Photo Senlt 

lob Angeles has an artlfldal harbor. San Francisco harbor is a natural on. 
How would you account for the difference geologically? 
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their natural environment. The freight tonnage out of 
Los Angeles is today second only to that from New York. 

Rising coast lines, such as we see along the eastern 
seacoast south of New York and in southern California, 
do not give us good harbors, but they may give large 
stretches of level land. Our long sandy beaches below 
Los Angeles, in I^ew Jersey, and Florida make a play- 
ground for millions of people. Many types of recreation 
are found at the beaches that cannot be had at deep-water 
resorts. 

How Mountains Affect Mankind. Mountains have 
few areas level enough for a large city. The soil does not 



Keifsione View Co. 


Mountun barriers are now overcome 1)7 the engineer and powerful engines. 
What have you already learned about the inclined plana 7 Are other laws of « 
machines illustrated here ? 

average as deep or as rich as that on the plains. Trans- 
portation is difficult; manufacturing is not favored; 
cattle raising, mining, and lumbering are industries that 
may be carried on there, but these are often only tem- 
porary. Mountain regions are usually backward, school 
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facilities are poor. Some mountain resorts, however 

are successful in offering 
a healthful atmosphere 
quiet for tired nerves’ 
and fishing and hunting 
for those who enjoy these 
sports. We have seen 
that mountains are the 
sources of much of our 
water supply and our 
water power. They also 
ha,ve a great effect on 
rainfall. Young rugged 
mountains give very little 
opportunity for man to 
settle, as they are rough 
and have little good soil, 
But mountains give us 
forests, an important 
asset, and also contain 
much of our mineral 
wealth. 

Mountains have always 
acted as barriers against 
settlement and have kept 
roads from being built 
and railroads from enter- 
ing new territory. The 
Great Northern Railway 
recently built a tunnel 
eight miles long, costing 
114,000,000, in order to 

The new eight-mUe tunnel under the Cas- save time in transporta- 
cade. This tunnel establislied a record j.* j. a i j 

for tunnel building and conquered a moun- between SpokaJie and 

tahi barrier. Tacoma. In Europc the 
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fl- Inn tunnel 12.4 miles in length, is still the longest 
tunnel in the world. Mountain passes have 

'“'I™ “ 

j'j +vDUq nnd roads before them. 

Uses tf Plateaus. Ths great uplifted regions west 

.s ^ddes are largeiy used for cattle and shMp 
° • nnd ranching. In many parts of the country 

d^ eTuSn is found, but, ttanks to tbe fact 

iriaie rivers flow through these regions, 

hp macticed and much waste land used. Such land 
m excellent place to grow fruit trees and various 
w^fls of grains In Central America the plateau region 
l^^ fer^ and much of thewealtlr of agricultural prcd- 

“S^S^'LTi^et'oreruses of minerals, aa can be 

their wealth from this source. 

SELF-TESTING EXERCISE 

IZ A ward may be used more than once. 
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(8) Because ! constant danger from (11) — -• 

been thickly settled ^ civilization but are .also the 

Mountains have formed 
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old 


forme 
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mouths 
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young 

■water 
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source of much of our (13) -wealth, of (14) power, and our 

(15) Plateaus also hold many (16) resources and have 

large areas devoted to (17) and (18) 

ESSAY TEST 

Tom Tells about His Trip West 

Read carefully and critically. List all the errors and suggeil 
corrections. 

Last summer I had a most interesting trip west. It was 
more interesting because I tied it up with my general science, 
In the first place I left New York which is at the mouth of a navi^ 
gable river on a sinking coast region. These facts give New York 
its commercial importance. The railroad followed the Hudson 
and Mohawk rivers, both of which have formed natural pathways 
for Indians and white settlers. We passed through Cleveland 
Detroit, and Chicago, all settled on large bodies of water. As we 
crossed Illinois and Iowa, we got into a region of flood plains and 
further on the prairie states represented a similar region. At 
Denver we got our first look at the Rocky Mountains. We went 
through the famous Moffett tunnel, which took us into the mineral- 
bearing region of the Rockies. The railroad crossed the continental 
divide at a great altitude and wound its way down, following old 
river valleys until we reached Salt Lake City. I went out to Saltair 
and had a swim in the Great Salt Lake. Afterwards we crossed 
part of it on a -viaduct and went on our way over the deserts of 
Nevada and over the Sierras to San Francisco. As we followed 
the Truckee River through the mountains, I saw several men trout 
fishing and noticed the mountains were covered with big pineo. 
It was a great trip, made more enjoyable through my knowledge of 
geology. 




THE REVIEW SUMMARY 

In preparing a summary of what you have found out in this 
unit, you will want to place emphasis on the big ideas which have 
come from the applications of the facts you have learned and the 
demonstrations you have seen. Doubtless you have done some 
additional reading which has helped you put together some of 
the facts into generalizations or fundamental underlying principles. 
For this unit some of these generalizations are : 
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1. The surface of the earth ia constantly cha.ngiTi g . 

2. Some coasts are rising and some sinking. 

3. Most mountains have been formed by readjustments of 
material over large areas. 

4. Earthquake are caused by slipping of blocks of surface 
U)ck along fault lines. 

5 . Young valleys are deep and have steep side ; old valleys 
are mde with rounded sides. 

6. Rivers carry much sediment, forming deltas, flood plains, 
and continental shelves. 

7. The contour of the land has had a large part in determining 
where man would make settlements. 

Before making your review summary for your workbook, test 
your knowledge of the facta of the unit by checking over the text 
BO as to be sure you know the facts underlying the science principles 
or generalizations. Then using this material and everything you 
have read, seen, or done yourself, make your summary outline. 
This outline you may use when you make a recitation. 

/ 

TEST ON FUNDAMENTAL CONCEPTS 

In a vertical column under the heading cobbect write the numbers 
of dl the statements that you believe are true. In another column 
under incobrbct write the numbers of the false statemenis. Your 
grade = right answers X S-g-. 

I. River valleys are ; (1) made deeper by ice action ; (2) broad- 
ened by weathering ; (3) broadened by the river winding back and 
forth ; (4) filled up by erosion ; (5) too narrow to be of importance 
to man. 

II. The sediments carried by rivers : (6) produce talus slopes ; 
(7) make deltas ; (8) build a continental shelf ; (9) supply minerals 
held in solution by the oceans ; (10) make sand bars that interfere 
with navigation. 

III. Floods in. rivers; (11) may result from melting snow or 
excessive rainfall ; (12) raise the level of the ocean ; (13) because 
of the greater volume of water carry less sediment ; (14) deposit 
much rich soil when they overflow their banks ; (16) are natural 
occurrences and so never harmful to man. 

IV. Mountain ranges are produced by : (16) the shrinking crust 
on a cooled core of the earth ; (17) change in altitude of the ground 
on one side of a fault line; (18) volcanic eruptions; (19) earth- 
quakes; (20) uplifts and folding, the results of readjustment of 
material on the earth. 



302 EARTH’S SURFACE INFLUENCES MAN’S ACTIVITIES 

V. Earthquakes: (21) never occur in the New England states- 
(22) have never been known in any of the Central states ; (23) occur 
where mountains are forming ; (24) may occur in connection with 
volcanic action ; (25) may result when one earth mass slips past 
another along some fault line. 

VI. The following physiographic features are of great value to 
man for the reasons given : (26) river deltas because they divide 
, the stream into many small ones ; (27) the continental shelf because 
it makes the water shallower and much safer ; (28) a sinking coast 
line because it helps tidal action ; (29) high rugged mountains for 
government parks ; (30) young narrow valleys because they will 
widen and exist for many years. 

PRACTICAL PROBLEMS 

1. Discuss this topic : Variation in the Volume of a River. 

. 2. What two types of loads do rivers carry to the ocean? Dis- 
cuss some of the conditions which determine these loads and tell 
what eventually becomes of them. 

3. Can you think of any way by which a sluggish river may, after 
years of slow motion, again become a swiftly moving stream? 

INTERESTING THINGS TO DO, READ ABOUT, OR SEE 

1. Send to the U. S. Coast and Geodetic Survey, Washington, 
D. C., for price list of charts showing changes in tho Mississippi 
delta for different periods of time. Invest a few dimes in maps 
and you can make an interesting study of river deposits. 

2. Find out what a "river pirate ” is. This is not a man who 
attacks boats and people on rivers, but a river that is called b 
pirate. Consult physical geographies. 

3. Famous volcanoes in history. 

4. How can they tell the origin of an earthquake? 

6. The active volcanoes of the world today. 

6. The earthquake belts. 

7. Is there any possibility that Chicago will be below the level 
of the lake waters within perhaps 10,000 years ? 

SCIENCE FOR LEISURE TIME 
1. Planning for a Cross Country Hikb 

Secure from the U. S. Geological Survey contour maps of the 
region. Learn how to read these. Become familiar with the 
symbols and try to visualize the elevations and other features before 
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you start. Plan, a loute to follow and see how nsar you can 
follow it. 

2. A Mountain Book 

Make a scrapbook of pictures and clippings about volcanoes 
and mountains. 

3, A Scenic Tottb of the UNrran States 

With the aid of road maps, travel folders, and tourist guides, 
plan a summer trip and show where there will be natural earth fear 
tures of special interest to be seen. 

SCIENCE CLUB ACTIVITIES 

1. A Field Trip 

Make a field trip to some mountain, river, or seashore and study 
evidences of natural aotivities now going on. Find out from some- 
one who knows the natural history of the region how it came to be 
as you now see it. 

2. A Motion-Picture Meeting 

Plan in some way to secure from four to eight reels which show 
typical physiographic land forms and water views in various parts 
of the country. 

3. A Book-Review Meeting 

There are many interesting books on volcanoes, earthquakes, 
caves, floods, and other natural phenomena. Search your public 
libraries for these books. Have about four members prepare to 
give a digest of one of these books at a regular meeting. 
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Survey Questions 

Wbat are some of the piohlems that 
a squirrel has to solve if it is to 
lead a successful life ? 

Would a teee have any such 
pToblems 7 

How would the problems of the 
squirrel and the tree be related 
toeacho&er? 

What do we mean by “ interdepend- JF ^ 

once”? ^ 

Can you give any examples of ^ve y .m 
and take in nature? 1 

What is a parasite and how does it - > 

get its living? 

What do we mean by " a balance of ■ , -ss- 

life in nature ”7 . f/ ' 




UNIT XI 


THE INTERDEPENDENCE OF LIVING 
THINGS 

PUEVIBW 

You have all doubtless been for a hike which carried you 
off through the country to a dense forest. How good 
the shade feels after walking in the hot sun, and how 
quiet and peaceful the forest is ! But it does not take 
long for you to discover that there is a good deal of life 
under those high arching trees. You see occasional birds 
or hear them twittering. You see insects and sometimes 
feel them. If you are fortunate, you may see a stray 
rabbit or squirrel, or even catch a glimpse of a larger ani- 
mal, such as a deer or a fox. If there is a stream running 
through the woods, you will find fish in the pools, perhaps 
a turtle, along with frogs, toads, and possibly a water 
snake. If you look carefully, you will find tmder the 
water many insect larvae and some adult insects. , Some 
are building curious tubes of little stones and sand ce- 
mented together, others are lying in wait for their prey 
in the sand and mud. Water striders skim over the water 
surface, and other insects are resting on the waterweed. 
And of course you cannot help but enjoy the trees, the 
thick shrubby growth, and the carpet of ferns and other 
shade-loving plants on the forest floor. What a good 
place for the animals to live in I 
And yet if you were to study the lives of these animals 
carefully, you would find that not only were they living 
together, but they were also living on each other. There 
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interdependence of living things 


is a web of interdependence, but it is also a cut-throat 
existence that is going on in the forest. Birds are living 
on insects, snakes eat the toads, turtles eat the fish, so®6 
of the insect larvae feed on others smaller than themselves, 



American Museum afJ^aiural History 


In the struggle fox existence illustrated here find and 
name ell the enlmalB that prey on others. 

A constant struggle is going on in which each animal and 
each plant as well has to fight for its place in the sun. 

But these animals and plants are not all preying on 
each other. There is a give and take in the forest as well. 
Birds that eat the insects are helping protect the trees on 
which the insects feed. The trees give the birds shelter 
and a place for their nests. Among the insects, although 
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An ichneumon £1; preparing to 
lay Ita eggs in a caterpillar. 
Are these iUes useful or harm- 
ful? Why? 


gome may be harmful, others are useful. Watch that 
wasp-like fly and you may see it boring a hole into one of 
the trees. What is it doing? By some unerring instinct 
it wiU bore that hole into a bur- 
row of a boring irmect, find the 
young of the insect, and lay an 
egg in ita body. This egg will 
develop into a parasite which will 
feed on the boring insect and 
kill it. Ichneumon flies may be 
seen laying their eggs in the body 
of some caterpillar which does 
harm'. Spiders may be found 
catching caterpillars for their prey 
which feed in turn on the forest 
trees. You can find hundreds of 
other examples of mutual helpful- 
ness among the plant and animal inhabitants of the forest 
which results in protection against harmful insects. 

In this forest there seems to be a balance of life. One 
might suppose that the harmful insects would drive out all 
other forms and would populate the forest, for they and 
their progeny lay thousands of eggs in a season. But, 
somehow or other, largely because of , the natural enemies 
that they have, relatively few of these insects go through 
the complete cycle of life. And so we find a balance of 
life existing. The ferns and mosses and other shade- 
loving plants, together with certain animals such as 
salamanders, toads, frogs, and snakes, are living in the 
areas of shade near the brook. Trees occupy a dominant 
place in the picture, hut afford homes for birds, squirrels, 
and insects. But all live together and show a kind of 
balance of life. 

But what would happen if man came into the forest and 
ruthlessly out down the trees? You know that the 
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Man is here interfering with the balance of nature. What may happen as a result 

of this? 


balance would then be destroyed. The birds and other 
animals which lived in the trees would lose their homes 
and would either be killed or forced to go elsewhere. The 
cut branches of the trees might become the homes of 
parasitic fungi and bacteria which would gradually destroy 
them by causing them to rot. The undergrowth which 
demanded shade would soon disappear and other forms 
of life would take its place. Perhaps there would be a 
fire and then an entirely new growth would spring up 
over the area. Or the land might be cleared and made 
into a garden, and here again man would introduce new 
forms of life quite different from those which originally 
existed there. But even with man in control, there would 
be eventually a balance of life in that garden. Insects 
would come in to destroy it, but man would fight the 
insects. If drought threatened, man would water file 
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den. He would hoe it to give air to the roots of the 
nlants and weed it to keep out these pests. In other 
words' an artificial balance would be maintained. This 
illustration gives us some idea of how life goes on in the 
world. It is give and take. It is struggle. And in the 
long run, in civilized countries, it is artificial, with man 

controlling the balance. 

Before we go further, let us look back and see what 
science generalizations we can build on what we learned 
in our science last year. The most important ones were 

these : 

Science Principles 


1. Living t.hingH respond to stimuli and adjust them- 
selves to their surroundings. _ 

2. The kind of living things found in a given place 

depends upon the environment. . , . . 

3. Certain plants are always associated with certam 


animals in a given environment. _ „ . „ 

4. Green plants under certain conditions manufacture 

food for animals. . 

5. Living t.hinga can change food into living matter. 

6. Living t.hinga come from other living things. 

Use these facts as you study the pages which follow. 


PROBLEM I. WHAT DO WE MEAN BY 
interdependen cb ? 

The Web of Life. Someone has said that life is like 
a web ; that living things are so e^^'^'^sled m 
tions to one another that it would be hard to disentangle 
n without breaking the web down There is a gi^ 
and-take relationship between hvmg thmgs all over the 
world, as we shall see from some of the examples that 

follow. 
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Interdependence in a Pond. You go fishing in yom 
favorite pond and catch some perch or bass. These fish 
lived on smaller fish, on tiny water fleas or other crus- 

taceans which in turn 
lived on animals and 
plants smaller than 
themselves, most of 
them single celled. 
But these one-celled 
animals lived on bac- 
teria, life still smaller 
than they are. Here 
you might think we 
would come to an 
end, but the bacteria 
feed upon dead plant 
and animal matter, 
breaking this material 
down into substances 
that can be absorbed by green plants in the pond. These 
green plants in turn use water, the decayed material in 
the soil, and certain wastes from animals when they build 
up food in the sunlight. The green plants are used as 
food by insects and other small animals, which in turn are 
food for the fish. Thus a cycle of life exists in a pond 
which was rudely interrupted when you caught the perch, 
Interdependence in a Forest. We can see this same 
interdependence of life in the forest. Here larger animals 
prey upon smaller ones, the wildcat on rabbits or squirrels, 
or the wolf on the deer. But these animals that are 
preyed upon eat grass or green leaves and shoots of trees 
and bushes. Here again, were we to follow the inte^ 
relationship through, we would find that the green plant 
makes food from the wastes given off by the animals, 
plus other substances in the air and water. 



How does this diagram illustrate the interde- 
pendence of plants and animals? 
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Interdependence of Termites and One-Celled Mess- 
mates. Sometimes this interdependence is very much 
closer than appears in a pond or the forest. There is a 
group of insects called termites which live in communities 
in the tropics. Here they do an immense amount of 
damage by chewing up wood. No house is safe, nor books 
nor anything else that is made of wood fiber. These 
termites, however, have strange messmates living with 
them, tiny one-celled animals which live in their food tube. 
These tiny boarders help to digest the wood fiber chewed 
up by the termite so that the latter can use it as food. 
Of course, as they do this, they get some of the food in the 
process themselves. Experiments have been made in 
which these one-celled animals in the body of the termites 
have been killed while their host was left alive. This was 
done by heating the termites sufficiently to kill the 
one-celled animals, but not their hosts. These termites 
when put back in their homes were unable to use the wood 
which they chewed up. They soon died because they 
needed the tiny one-celled animals which lived in their food 
tubes. This illustration shows a still closer weave in the 

web of life, which we call symbiosis. 

Life Is Also a Struggle. We must not think that 
‘everything is give and take. On the contrary, mos 




'1 .[• . , 


Ante and aphids. The ants are " ’’ WhraJ7^*Whatkind a relationship 

antennae. Have you ever seen aphids? wnerer 

does this show r 
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plants and animals are working very hard to hold the 
position they occupy in life and to get their share of the 
energy which comes from the sun or from the food they 
eat. If you think of it, you can see that all energy in the 
first place comes from the sun and that plants nse this 
energy in order to build up food. Animals also use the 
sun’s energy, for most of them require the sun’s rays to 
keep well. But, neverthele^, the struggle for a place in 
which to live and for food to eat goes on. We even have the 
one-sided relationship known as parasitism in which it is 
all “take” and no “give.” . We have seen examples of 
this in the fungus which lives on and destroys plants, or 
the bacterial parasite which carries disease. We can find 
examples of plant and animal parasites all around us if 
we look for them, and each one of them is playing a part 
in this stru gg le for life on the earth. 



The hydia is a little anlniBl about the size of a pinhead when contracted. Vnthlta 
tentades extended as shown here it is half an inch in length. It lives in freah 
water ponds and feeds on smaU water animals. What hind of relationship la 
illustrated here 7 

Balances in Life. You may wonder why it is that one 
part of the world is not populated by one kind of animal 
or plant. We do see schools of fish, or ant colonies, or 
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fields of daisies, or colonies of bacteria, but other plants 
live in the field with the daisies and many other forms of 
life are found with the 
school of fish. All over 
the world living things 
seem to be pretty well 
scattered and no one form 
occupies a place without 
others sharing the locality 
with them. Animals and 
plants live together in 
places that they are best 
fitted to live in. There 
is usually a balance be- 
tween living things in a 
plant or animal commu- 
nity, Sometimes intro- 
duced weeds crowd out 
plants in our garden, or we may have cases where man has 
almost destroyed some kind of animal. Such, for example, 
was the near extermination of the buffalo, which was 
slaughtered by the thousands for its skin and its tongue in 
the days when the West was being won. We might also 
wonder why some plants or animals have not completely 
driven out all others when we realize how rapidly they 
reproduce. Take, for example, the house fly which at the 
end of the season may be responsible for over a million 
other flies, or the mosquito which lays from 200 to 400 
eggs at a time. Suppose that of these eggs half produced 
males and half females, and that each of the females laid 
another batch of eggs in 10 days after it became adult. 
If you repeat this with each generation, you will find at 
the end of the season that a single mosquito might give life 
to between 1,000,000 and 2,000,000 offspring. At the 
rate that mosquitoes breed if unchecked, they would soon 
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cover the earth to the exclusion of everything else. Many 
fish like the cod lay several million eggs and the female 
salmon lays over a million. Why is it that these animals 
do not fill the rivers with their offspring ? If you were to 
witness the way in which the salmon eggs, after they are 
laid, are eaten by trout and other enemies, and if you were 
to see how many of the female salmon fail to reach the 
spawning grounds because of enemies and the natural 
barriers of rapids and waterfalls, you would not be sur- 
prised to learn that only a few, sometimes only one or two 
of the young, survive to become adults. Ajid so it is with 
the insects or other rapid breeders. They have so many 



JSwinB QoUouav 

A catch of aalmon on the west coast. What enemies other than man does the 

salmon have? 
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CouTtcB]/ U, 5 . Form SoTViee 


Deer in the Kaihab National Forest, just north of the Grand Canyon. When their 
natural enemies were killed ofi, they multiplied rapidly, became too abundant for 
their food supply and then died in large numbers from starvation. How would you 
suggest maintaining a balance in this area where there islittle natural food for deer? 

enemies, parasites which feed on their eggs or on the 
young, birds which catch them by the thousands, man 
with his many methods of destruction, that it is httle 
wonder that few survive to continue the struggle as 
adults. 

How the Balance Is Maintained. Life is, indeed, a 
struggle. Charles Darwin found that there were 257 
seeds developed in a little plot of ground 2 by 3 feet. 
William Beebe has made similar observations in jungle 
territory. But a very small number of these seeds develop 
because they are crowded out or smothered to death by 
their neighbors. In the same way natural enemies eat 
the eggs of the cod by the millions. Other natural 
enemies, fortunately for us, like dragon flies and birds, 
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kill off the flies and mosquitoes by the thousands. Xhe 
young of some animals die from lack of food because their 
parents have been killed, or the climate may be unfavor- 
able for them, or they 
may have been over- 
come by their many 
enemies. Seeds pro- 
duced in great num- 
bers are eaten by birds 
or washed into un- 
favorable places, or are 
destroyed by insects. 
They may dry up, get 
too much water, or 
freeze in a severe win- 
ter. In other words, 
life is hard, and one 
form, feeding on another or growing more rapidly, may 
crowd out its neighbor, and thus bring about a sort of 
balance of life in which only the stronger and those 
better fitted for life in that locality survive. 

Man Sometimes Changes the Balance of Life. There 
is a much-told story of Darwin and his old friend, Huxley, 
which is worth retelling here. Darwin, in pointing out 
this interdependence of life, said that the amount of clover 
' in England depended upon the number of cats there were. 
He explained this by saying that clover only produces 
seeds when bmnble bees pollinate it. These bumble bees 
make their homes in the ground, in nests that are often 
destroyed by field mice. The number of field mice, of 
course, is kept down by animals such as the cat which 
prey upon them. Huxley went his old friend one better 
and said that another link in the chain were old maids 
who kept cats. This is only one example where man has 
brought about a control that either Tnf\.kef =i or destroys 



Read youi text carefully and then explain the 
dlagtom, beginning with the clover. 
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the balance of IjLfe- His care of gardens, his love of fiahing 
or hunting for sport, his use of fish or birds for food, all 
are examples of how he changes the balance of life. See 
if you can make up a chain of interdependence for some 
plants and animals that you know of, and then show how 
man has come in to change the balance. 


SELF-TESTING EXERCISE 


Select from the following list the words which best fill the blank 
spaces in the sentences below and arrange them in proper numerical 
order. A word may be used more than once. 


existence 

food 

bacteria 

frogs 

drink 


fish dependence celled 

death struggle give 

man interdependence plants 

green poUywogs helpfulness 

crustaceans larger living 


Life shows many instances of (I) of organisms. An example 

is seen in a pond where large (2), eat smaller ones and these 

live in turn on smaller (3) or other tiny animals or (4) 

These small creatures live on one (5) plants and animals which 

live on (6) Here we would think we came to the end, but no. 

The (7) help (8) water plants by giving them materials 

which enable them to build up (9) matter. The water plants 

furnish (10) for small animals in the pond and they in turn 

make foOd for the (11) animals. Thus the web of life is held 

together by (12) of organisms. But life is not all (13) and 

take. It is a (14) for existence. This (15) results in a 

balance existing in life which is often ended by (10) 


ESSAY TEST 

Habbt Tbllb What Is Meant by a STHtraoLB von Existence 

Read carefully and criticcdly. Inst all the errors and suggest cor- 
rections. 

Anyone would think that .most animals had a pretty easy time 
in life, but really they don't have it so easy. Take, for example, the 
salmon. They come in from the ocean to lay their eggs far up in 
the cool mountain streams. To get there, they have to fight their 
way up rapids, jump waterfalls, escape the nets of man and the 
spears of Indians, until they reach the water where they lay their 
eggs. Here at last they are safe and the eggs are laid and pro- 
tected by the mother fish until they are grown up. Of course the 
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young fish have a pretty soft time of it, for the mother hunts food 
for them and keeps them within the nest which she builds. Since 
there are only a few eggs laid, this is quite easy. When they are 
partly pown and almost able to take care of themselves, the mother 
fish guides them back down the river to the ocean. But here the 
struggle begins again, for bigger fish eat them, birds kill them and 
man again nets them, so by the time they are adults, most of 
the young have been killed off. This illustrates the struggle for 
existence, 

PROBLEM n. HOW THE BALANCE OF NATURE MAY 
BE UPSET AND RESTORED 

Man May Upset the Balance of Nature. When man 
came to change life on the earth, he made his nhfl.Tiga3 
largely because he wanted to get more foods both for his 
present and future use. Primitive man probably used 
only such foods as he needed from day to day and de- 
pended, like other animals, on what he killed rather than 
on what he raised. The North American Indian killed only 
what he needed. He was never a fish or g nmn hog like 



BrotanJiToa. 

A rabbit drive in Idaho. Jack rabbits do much harm to vegetation in many parts of 
the West, But they do more harm in Australia because they have no natural 

enemies. 
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Bome men who call themselves sportsmen today. In this 
getting and storing of food, man upsets nature’s balance. 
He may upset it by thoughtlessly introducing arimnla 


or plants into new 
areas where there are 
no natural enemies. 
Such was the intro- 
duction into Australia 
of the native rabbits 
from England by the 
homesick Englishman. 
These multiplied very 
rapidly, having no 
natural enemies, and 
now cost the govern- 
ment of Australia mil- 
lions of dollars every 
year in an attempt to 
get rid of them. And 
it was another Eng- 



lishman who planted 
water cress in one of 


How do you account for tbe raiild spread of tbe 
Japanese beetle. 


the Australian rivers so that he might have some of his 


favorite delicacy, with the result that today water cress, 


having no natural enemies there, has actually clogged up 
some of the rivers, making navigation impossible. In 
making room for more food plants, man has destroyed 
the forest and native plants, and with them the wild life 
that lived there. He destroyed birds that prey upon in- 


sects, and straightway he had a plague of insects to con- 
tend with because he destroyed their natural enemies. Or 
he may introduce pests when he brings in new fruits or 
grains or vegetables, or carries on commerce with a for- 
eign country ; for example, the Japanese beetle was 
introduced into New Jersey in 1916 on the roots of some 
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nurseiy stock imported with soil around their roots. In 
that year an attempt was made to destroy these beetles 
but only 12 were found in that locality. In 1919 as 
many as 20,000 were caught in a single day, and today 
they have spread over all the eastern states. The Medi- 
terranean fruit fly was introduced in the spring of 1929 
into Florida, probably on some fruit which was brought in 
from Europe. This pest lives not only on fruits, but 
on vegetables and gai-den produce of all kinds, so that it 
could become a very serious enemy to man. Two years 
after its introduction, this fly had overrun 34 per cent of 
the land in Florida. Something drastic had to be done. 
The United States government voted large sums of money 
put a quarantine about southern Florida to prevent any 
of the flies from getting out, and fortunately succeeded 
in exterminating them. But man has not been so for- 
tunate with the pest known as the cotton-boll weevil, for 
this insect came over from Mexico in 1890 and has over- 






L/ larvae^ . 
of the 

bee^ ftoUntfa 
msae£> 



^dult' 
lo^bifd 
beetle 


scales 

How is the ladybird beetle useful? 
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run the cotton-raising area in the United States. So far 
nothing has been found to combat it effectively. Every- 
where the story is the same. 

Introduced pests are eating 
shade trees, destroying our 
fruits and vegetables, and 
generally disturbing the bal- 
ance which man in the first 
place disturbed. 

How the Balance Is Re- 
stored. All plants and ani- 
mals have natural enemies 
which under most conditions keep them under control. 

In California a few years ago the cottony cushion scale, 
one of the many insects which feed on citrus fruits, 
was introduced into California. Orange growers were 
giving up in despair, for they could find no way to 
battle this enemy. But an insect collector from the 
United States Department of Agriculture, working m 
Australia, noticed that while there were some groves 
infested with this scale, it did not do very much damage. 
On further investigation he found a small ladybird beetle 
feeding on the scale. This beetle was introduced mto 
California, multiplied very rapidly in its new home, and 
in a few months completely restored the balance of Me 
by eating up most of the scale insects. This stoiy has 
been repeated a good many times m late ye^s. ide 
government is sending out men all over the world to find 
parasites or enemies of introduced pests or plant enemies. 
We can spray, or kill, or bum, or try our ^ 
ways we know of to control insect pes s, u j 
effective way is to find some natural enemies, mtrodu 

them, and let them do the rest. . 

Spread of Plant Pests. But it is notmsects alone that 
have come to make trouble for man. As he introduced 
H. & w. Boi. n — 22 
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new grains or fruits, he also introduced new weeds. In 
the West, the Russian thistle, introduced only a few years 
ago, has come to be a great pest and has spread to all 
parts of the country. Many different kinds of parasitic 
fungi, rusts, and scales, many of which live on our food 
plants, have been introduced in a similar way. The rail- 
roads that first crossed the prairies were literally bordered 
by new weeds and seeds, which were distributed with the 
cargo carried by the freight trains. Man may often 
carry weed seeds on his clothing or domestic nniTYiHlg 
carry seeds on their coats. 

Insects Man’s Greatest Competitors. It is said that 
insects eat enough every year almost to balance the budget, 
even in a depression season. Certain it is that twati has 
to fight hard for every bit of new food he grows, and insects 
take at least a tenth of his harvest every year, and it is a 
constant battle. Man upset the balance of nature when 
he planted gardens and made clearings, and generally 
disturbed the condition of the land, so now he is forced 
to keep a balance in his artificial environment by 
of controls of his own. These are (1) poisons which 
msects eat as they chew plants, or body poisons which are 
sprayed on the insects, thus MUing them. Then (2) he 
may introduce parasites which feed upon these insect 
enemies, such as, for example, the fungi which are spread 
to grasshoppers through their food, or a worm which has 
been found to feed on the Japanese beetle ; (3) he may 
introduce natural enemies such as the ladybird beetle; 
or (4) he may spend much time and money in destroying 
the breeding places of insects, thus preventing new broods 
the following year ; or (5) the most important thing, he 
will protect birds, especially those which feed upon in- 
sects and weed seeds. Through these means of biological 
control of his environment are his best chances of fi ghtin g 
harmful insects. 
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SELF-TESTING EXERCISE 


32S 


41 , #«77nii)iTin liat of words those which best fill the blank 
and arronge them in proper numencal 

rfe same word may be used more than once. 


continue 


destructive 

damage 

usefulness 

old 


keep 

June-bug 

beetle 

peat 

living 

fly 


new 
upset 
useful 
balance 
country 

bug 


parasite 

changes 

caterpillar 

life 

oat 

citrus 


4 , A tte (2) of life on the earth, partieutaly 

Man may ( 1 )-— ''IvT^irardens or planting crops. The 

^hich is now doing by finding some 13), 

ji” ‘=‘ — 

are usually found m the (16) iro 

imported. 

essay test 

Flobbncb Tells Wht Insects Abe Man’s Gbeatest 
Dlobbncl ajp Compbtitobb 

. .4 T.‘.4 nil fhe errors and suggest 

Bead carefully and aihcally. 

It i. .aid that ttcM 

But why are there so many insects oaii eat aiiy 

all fly and so get around quick y. > ji jny millions 

Sid of food Ind that helps them. nomes along and 

S ti moat of ft. .81? 

have ever looked closely 8'*^“ .. f^^ien many insects “o v ^ 

Ey armor, which of course Insects liaven’^^ 

smll and can ^o naturally they can compete wit 

natural enemies except man, so na 

him. 




Damn/ Tree Bxperl Ce. 


The same house before and after tree planting. What are the values of trees 
in the home grounds 7 


S24 
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PROBLEM ni. HOW DOES A GARDEN ILLUSTRATE 
INTERDEPENDENCE AND CONTROL? 

Anyone who has compared a new house in a bare lot 
with a home surrounded by trees, shrubs, and gardens will 
see the value of living plants around the home. Climbing 
roses and vines give privacy to the porch, the trees give' 
shade and make seats placed on the lawn enjoyable, the 
flower gardens give beauty and provide flowers for the 
house, while the vegetable garden may be made a som-ce 
of profit if one gives time and thought to its care. 

Examples of Interdependeiice among the Inhabitants 
of the Yard. No home is complete without trees. They 
are useful as well as ornamental. They serve to break 
strong winds in winter and give shade in summer. They 
also give off much moisture through their leaves. An oak 
may send off 260 times its own weight in moisture in a 
year. This moisture helps to cool the air and makes for 
a more uniform temperature. 

But trees show inteiidependence between living things 
in many ways. Trees are the homes of birds which help 
the tree by freeing it from ite insect enemies, like beetles 
which bore under the bark, like caterpillars which eat its 
leaveSj or like beetle larvae which suck vitality from its 
roots. Earthworms plow the soil around the roots, 
thus helping the tree. Moles and gophers may eat the 
roots and harm it. Then man comes into the picture by 
watering the tree, dig g in g up the moles and gophers, and 
killing the insects. His home gives off its sewage through 
drains, and these drains are often clogged by the roots of 
the trees, which absorb the wastes in the sewage. His fires 
give off carbon dioxide into the air, which the trees use 
in making food. 

Interdependence in the Garden. Certainly we have 
many examples of interdependence in the garden. Flower 
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and vegetable gardens both show artificial conditions be- 
cause they have been planted by man and because control 
is exercised by him from the time he plants seeds until he 
pulls up the beets and carrots and picks his peas. But 
still there are many examples of interdependence shoum. 
Lawns are much improved by the addition of flower beds 
‘ trees, and masses of shrubbery, which should be planted 
for mass effect rather than to show off the separate plants. 
Flowers should be planted in front of the shrubs, and all of 
these should be used to cover fences, walls, and unsightly 
parts of the garage. One of the most attractive types of 
flower garden is one where old-fashioned flowers like phlox, 
larkspur, candytuft, pansies, delphinium, and hollyhocks 
are planted with tulips, violets, and narcissus for spring, 
and zinnias and chrysanthemums for the fall. Of course, 
you will want sweet peas, nasturtiums, and roses of various 
sorts. 



Oallomv 

TIUb I9 fta Qld-faBhioned garden planted with annuals and perennials. Do you 
wbat these words mean? 



INTEBDEPENBENCE IN THE GABBEN 


827 


But you ask, where does the interdependence come in? 
In answer let us watch a flower garden on a hot summer’s 
day. Bees swarm there 
in . myriads, and if we 
watch them, we will see 
that they are passing 
from flower to flower, evi- 
dently taking the sweet 
nectar from inside the 
dowers and sometimes 
gathering pollen to take 
back to the hives. But 
in so doing, you will also 
see that they spread pol- 
len from the stamen of 
one flower to the pistil 
of another of the same 
kind. Bees in this way cross-pollinate the flowers and 
insure fruit for the coining year. Our crops of peas 
and beans in the garden, our apples, plums, and cherries, 
and almost all our seeds are dependent upon this 
process. If you were to dig up some of these pea or 
bean plants, you would doubtless find the httle nodules 
on the roots which hold the useful bacteria which fix 
nitrogen, thus enriching the soil. But if you could go into 
the ground around the roots of the plants, you would find 
other useful agents at work: earthworms plowing the 
ground and useful bacteria giving a helping hand to the 
plants living in the garden. On the other hand, there 
are many enemies at work. A host of insects are getting 
their living from our plants, sucking and chewing stems, 
roots, and leaves, stealing the nectar and pollen, eating 
the seeds and fruits, and giving nothing in return. There 
are aphids on the roses and ants which are tending them. 
Watch them carefully and see if you can see ants ’' mi l ki ng 



Can you add any useful or harmful animals 
to this list? 
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their cows.” Maybe there is a toad , 

bush which kiUs cutworms and other haruX/^® 
Sn^s and slugs ai-e feeding on tender shoots 
rabbits occasionaUy raid the lettuce patch n I 
gophers feed on the roots of the plants 
IS closely spun, even in this artificial enviroL? . 
man comes in with his sprays and poisons 
or sets traps for the four-legged pests 
control. He fertilizes the gromd Wnt^ ^ 
he even raises them in hot beds' and^eoM^V^® 
ot the hot bed he cao S pTa^tet ITw 
aprmg and thus get ahead of sJme rf ” 

eneimes, while the cold frame gives proteTtionV^ • 
cold to some of the plants snnT, « J against the 

which would noT eS thTtld 

prays poisons on insects, puts il bhd 

houses to attract birds and La m baths and bird 

hyo. But in aSw C ” 

olotely epun, id the rivr^d 
““imal world stUl goes^n. 

SELF-TESTING EXERCISE 

spaces in'SsmkS^7o!!^lnd 


wastes , 

man 

moisture 

water 

food 

living 


dead 
insects 
harm 
harmful 
artificial 
carbon 


burrowing 

natural 

monoxide 

birds 

benefit 

uses 


interdependenoe 

dryness 

dioxide 

earthworms 

environment 

toads 


things there fs well as th7oT^,rt^ illustrates (1) of (2) 

control of the (4) bv man brought about by (3) 

. food for harmful (6)1^ furnishes a home for useful 

It gets aid from (8) Lhi^' f ‘I himself. 

ic; , which help to rid it of (9) insects. 
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Its roots are used as (10) by (ii) insects and 

and are helped by (12) which plow the soil around the roots 

Its roots often reach out to sources of (13) , from drains which 

man has built. It uses the (14) from man such as (15) 

(16)—: — and human wastes in sewage. It furnishes shade, (17) 

to the air, and the gas oxygen, all of which man (18) 

ESSAY TEST 

Etta Shows How Man Contbols His Home Envibonmbnt 

Read carefully and critically. List all the errors and suggest 
corrections. 

If you have ever compared a vacant lot with a aiTY'iliir lot which 
had a home on it surrounded by trees, shrubs, and flowers, you 
would surely say that man had complete control over his home 
environment. Especially would this be true if you compared a 
place which the people had neglected all summer with one that 
was well kept. How is this control maintained? In the first 
place, man has made the environment around the house. He 
has added rich soil, watered the plants, and added new factors 
in the environment. He has brought in new forms of life, not one 
native plant or animal is allowed to exist there. Not only has he 
planted new flowers, trees, and shrubs, but he has also introduced 
new insects or parasitic plants along with these. No wonder that 
he does not allow pests of any kind to come. He can prevent all 
losses by weather, insects, or plant parasites. Man is certainly 
in complete control of his home environment. 




THE REVIEW SUMMARY 

In preparing a summary of what you have found out in this 
unit, you will want to place emphasis on the big ideas which have 
come from the applications of the facts you have learned and the 
demonstrations you have seen. Doubtless you have done some 
additional reading which has helped you put together some of the 
facts into generalizations or fundamental underlying principles. 
Tor this unit some of these generalizations are : 

1. Living things depend upon each other. 

2. Living things are engaged in a struggle for existence. 
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3. There is a balance in nature. 

4. Man may upset the balance in nature. 

6. Man exerts control over his environment which reanlfo • 
making a new balance. 

Before making your review summary for your workbook tp 
your knowledge of the facts of the unit by checking over the text 
BO as to be sure you know the facts underlying the science nria 
ciples or generalizations. Then, using this material and every' 
thing you have read, seen, or done yourself, make your summary 
outline. This outline you may use when you make a recitation ^ 


TEST ON FUNDAMENTAL CONCEPTS 

In a vertical column under the heading cobbect vnite nurtibert 
of all statements you believe are true. In another column under 
INCOBBBCT ' write numbers of the false statements. Your grade 
= right answers X 3^. 

I. Life on the earth is like a web because; (1) plants and 
animals are so dependent on each other ; (2) spiders build webs ■ 
(3) if you destroy one member of a community, you are likely to 
change the lives of other members of the community; (4) there 
are food chains of animals, each larger one living on a smaller one 

II. Symbiosis is illustrated by: (6) an earthworm living in the 
ground; (6) a protozoan living in the food tube of a termite- 
(7) a tramp getting a handout ; (8) a trout feeding on flies. ' 

III. Parasitism is illustrated by: (9) a tapeworm in the food 
tube of man ; (10) a fly in a manure heap ; (11) a ladybird beetle 
feeding on a scale insect; (12) a caterpillar living in a cabbage 
plant. 

IV. A kind of give and take in life is seen: (13) when a green 
plant makes food out of waste products given off by animale- 
(14) when ono member of a family helps to support the others, and 
receives his room and board in return ; (15) in a pond where the 
animals give off wastes which are used by the green plants in mak- 
ing food ; (16) when the protozoans in the food tube of a termite 
help it to digest its food. 

V. A struggle for existence among living things: (17) results 
in a balance of life on the earth ; (18) means that living thinp i 
succeed only at the expense of other living things ; (19) is seen as 
well as mutual helpfulness ; (20) results in the early death of all 
animals and plants. 

VI. Balances in life are maintained : (21) by fish that lay many 
eggs, eating their own young ; (22) because only a few forms oan 
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survive in an area because of overcrowding; (23) because the 
natural enemies kill off the young about as fast as they are repro- 
duced; (24) because each form has its own parasites which kill 
them off. 

VII. Man interferes with the balance in nature : (25) when he 
outs down a forest ; (26) when he goes fishing ; (27) when he eats 
dinner ; (28) when he makes a garden. 

YIII. Man shows his control of the balance of life when ; (29) 
he purchases a watch dog ; (30) he introduces the ladybird beetle 
into a citrus grove infested with scale. 

PRACTICAL PROBLEMS 

1. A tiger which leaves its jungle home to prey on the cattle 
of a neighboring village kills an average of a cow every week. Is it 
a parasite? Look up the term in the encyclopedia or in a good 
biology or unabridged dictionary. 

2. Would the fish which lives in the school aquarium, if feeding 
on artificial fish food, be considered a parasite? 

3. Would you consider the protozoans that live in the food tube 
of the termites parasites? 

4. Give an example in your own community where man has 
upset the balance of nature. 

5. Is there such a thing as social parasitism ? Give an example. 

6. Look up in a good biology and see if you can distinguish 
between the terms parasite, partial parasite, symbiont, and mess- 
mate or commensal. 

7. How may your pet cat disturb the balance of nature in your 
yard? 

INTERESTING THINGS TO DO, READ ABOUT, OR SEE 

1. Make observations on aphids (little green plant lice) which 
live on rose bushes and see if you can find evidence of ants using 
them as “ cows.” See how the ant gets honey dew from the aphids. 

2. Make a list of all the examples of mutual helpfulness between 
living things that you can find in an afternoon walk into the 
country. 

3. Make a collection of pictures for the bulletin board to illus- 
trate parasitism. 

4. Make a collection of pictures for the bulletin board to 
messmates. 

5. Find some specific case of interdependence between l^^H 

things and try to show just what each of the partners does for^B 
other. ^ 
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6. Make a chart which will illustrate the “web of life ” = 'f 

found in a stream or pond. ® 

7. Plan, plant, and care for a window garden. 

8. Make a collection of the different native plants growin ■ 
your neighborhood which can be used in an exhibition plot in^tr 
school grounds. Remember such a collection must have the sam 
conditions of shade, moisture, soil, etc., as does the original nla f 

9. Read such a book as Beebe’s Nonsuch, Land of Wat^ 
report on the struggle for existence under the sea. 

SCIENCE FOE. LEISURE TIME 

1. Score your own home grounds or those of some neighbor with 
the following card, and make suggestions for improvement. 


SCORE CARD. MY HOME GROUND 




I^crfecb 

Score- 

My 

Boors 

Grounds planned for beauty or utility .... 

5 


Shade trees grouped 

6 


At least one fruit tree 

5 


Porch screened with climbing vinos 

£ 


Well-arranged flower bods 

5 


Flowers from spring until fall 

5 


Flowering and ornamental shrubs 

5 


Outhouses and garden screened with trees and 



shrubs 

£ 


Lawn attractive and well kept. Borders kept 



trimmed 

£ 


Play space with at least one game in use . . . 

£ 


Total 

£0 



2. Make a bird bath for your yard out of an old galvanized iien 
cover of a garbage pail. Sink it level with the ground and plait 
iris and moisture-loving plants around it. Keep track of the 
visitors. You may have to put up a protective wire screen to 
keep cats out of it. 

3. Try out the following experiment : 

To learn what the soil needs for any particular crop. 

(a) Does it need humus? (6) Doe.s it need draining? (c) Does 
it need lime ? (d) What are the throe principal chemicals found 
in commercial fertilizers? Which are needed in my garden? 
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Suggestion, A test to show what chemical elements are most 
needed ia best carried out in plot testing as foEows : 



A’ i lb SoAutn nitrata. B- 11b 'Atatsluim C>2Uia AeieC flwfjihate 

Make seven equal-sized plots, say 5 feet wide by 26 feet long. 

A — 1 lb. Sodium Nitrate 
B — 1 lb. Potassium Sulphate 
0 — 2 lb. Acid Phosphate 

On plots 1, 4, and 7, use no fertilizer whatever ; on plot 2 use A 
B, 0 ; on 3 use A and B ; on 5 use B and 0 ; on 6 use A and C. 
Plant same amount of seeds on each plot ; give all the same care. 
Compare crops from each plot to decide the fertilizer most needed 
by the, soil for that particular crop. 


SCIENCE CLUB ACTIVITIES 

1. Build a cold frame on the south side of the school grounds and 
plan for a supply of plants out of season for the classroom window 
boxes. 



2. Plan and build a hot frame. Find out what plants for winte^ 
use in the school can be best grown in it. Organize a group who 
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will take on the work of supplying plants and seedlings for ■ 
the school laboratories. ® ^ 

3. Have an exhibition of plants raised in hot and colH 

4. Make a survey of the school grounds to see where 

ments in planting can take place. Prove- 

6. Organize a soil survey of some part of your enviroiiTnp„+ „ j 
make a collection of different kinds of plants and animals fonnrf”'^ 
the different soil areas. Plot the results of the sSmy o?a 
chart and have it exhibited during some class period. ® 

, for the schoolroom and stock it with nativn 

forms of life. The terrarium can be made out of a large frame I! 
which you tack a good quality of netting. Have the bottZ!^ 
the terrarium made of a shallow galvanized tray or, if you cannol 
pt this, use heavy boards and set in a shallow pan such as eaZ! 
bought at the five and ten cent store. Fill the bottom orS 

t brought in with plants from the 
woods. Pack the space around the pan with growing moss Pnf 
in some rocks and a few dumps of grass or weeds. Collect and 
plant in the box as many inhabitants of your nearby pond, woods 
and fields as you can get, as well as toads, frogs, turtles snakes’ 
sa.lamandera, snails, slugs, and large insects. The balance of life 
will not always remain the same, for there will be a struggle for 
existence in the terrarium. ® ■ 

^ *be best window box and plan an 

be^nvited PO'^ents and friends of the group exhibiting will 
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Suavlir Questions 

You have heard about germs. Do 
you know what they really are ? 

'Where would you find germs? 

Do you know how people “catch” 
them for purposes of cultivation? 

Have you ever thought of what the 
world would be like without 
bacteria? 

Do you know in what processes 
bacteria are used ? 

List all the diseases that you know 
are caused by bacteria. 
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PREVIEW 

Wb have already learned something about germs in our 
previous unit on foods. We know they grow rapidly if 
they have the proper conditions of moisture, temperature, 
and food. We say that they often make foods unfit to 
eat. Someone has said that they erist everywhere and 
anywhere and that they swarm in the dead bodies of 
plants and animals and in parts of living bodies as well. 
They cause decay and, so far as we know, all "catching" 
diseases. We know that they are alive and form colonies, 
for we can grow them on food substances in covered dishes. 
We can see them in the dishes, for they grow in little 
colonies which may be formed of millions of mdividual 
bacteria. The little dots that you may have seen on the 
jelly in a culture dish are formed by millions of them. On 
the other hand, it requires a very powerful microscope for 
us actually to see individual bacteria and, if they are alive, 
they may be seen as little rods, corkscrews, or tiny round 
spheres in the fluid in which they grow. 

Bacteria are useful as well as harmful. Did you ever 
think of a world without decay, — all the plants of the 
garden, the trees, the fish in the ponds, animals wild and 
domestic, lying about where they happened to die, but 
without decay taking place ? Rivers would be stopped up, 
ponds filled, dead bodies everywhere. The surface of the 
earth would soon be covered with dead things. Germs 
cause tbiTigR to decay and without germs no decay would 

H. * w. SOI. II— 23 887 
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take place. Bacteria also give flavors to foods S 
people like the odor and taste of sauerkraut, of butteS 
or meats which have become gamy, and in some narta f 
the world the natives wiU refuse to eat food that hSn l 
become partly decayed. But lilce all other fungi such ^ 
molds, yeasts, ^d rusts, they do not manufactire theh 
own food. While many plant diseases are caused by molds 
or other forms of fungi, such as the blights, wilts, and rofe 
m plmts, some of these diseases are caused by bacteria 
In animals we have such diseases as anthrax, tuberculosis 
of cattle, hogs, and chickens, cholera in chickens, glanders 
etc., caused by bacteria, while in man there is a long list 
of dangerous diseases also caused by them. It be 
the purpose of this unit to learn something of the ways of 
these bacteria, good and bad, and to see how man controls 
them in his environment. 

Before beginning your study of this unit, you should 
see how much you remember of what you learned in a 
similar unit last year. You need to build on a firm 
foundation of science principles. Some are the following 
perhaps you can add to the number. 

Science Pbinciples 

1. Microorganisms, yeasts, molds, and bacteria cause 
foods to spoil. 

2. Bacteria live best, on protein food. 

3. Foods may be kept from spoiling by keeping at a 
low temperature or by sterilization (heating). 

PROBLEM I. WHAT ARE BACTERIA AND WHAT DO 
THEY DO? 

We have already found that bacteria live best on 
protein foods and that they require moisture and a warm 
temperature in order to grow rapidly. We have seen 
that colonies of bacteria are made up of huge numbers of 
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these little plants, and liave found that they are incredibly 
numerous. A germ that is supplied with abundant food 
and surrounded by 


^>ooC ’ 


-food. 

food 

aoQtfoHum. ttdcM food until It. n«aeh«« 
OiA limit of grovtih. 


Umh eUvlcCcs into tMi dax£^t«redl9 

f a eria 

‘joodr.gtnov'oiuC dUviele into 
4 .tliettS.tlMn -16 ,33, £4, 128 on. 
Itorc. lae 1, 600^000, 000,oao,ooo 

bocter-io. In 24 botcns from one iparaxCt 


Why do bacteria not cover the earth? 


conditions favor- 
able to growth win 
divide, forming two 
of its kind in any- 
where from twenty 
minutes to an hour. 

It is estimated that 
the germ causing 
cholera, if allowed to 
grow at its greatest 
rate of division for twenty- four hours, would produce 
1,600,000,000,000,000 germs and that their weight would 
be half a million pounds. Of course bacteria actually 
never get conditions which are absolutely favorable be- 
cause they are crowded out, by others or are killed ofif. 

Size and Shape of Bacteria. Examined under the 
microscope, these little organisms are found to be single- 

celled plants. We have 
seen that they may be rod- 
hke, in which case they 
are called bacillus; baU- 
like, called coccus; or 
0 ,^^ spiral, named spirillum, 
^sprind-like in form. Some of them 
spiriilam . move through fluids 

by means of tiny thread- 
like structures called cilia. 
They will thrive in mois- 
ture, but are usually killed by drying. Many kinds, how- 
ever, when iTnfa.vnrfl.hlR conditions come, form a thick re- 
sistant coat about their bodies, and in this condition they 
are called spores. Unfortunately for us, spores are able to 



coccus 


"bacteria 

point, of a neeoUe. 

How many sbapea of bacteria are there? 
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resist considerable heat and very unfavorable conditions ^ 
and hence they may keep alive even after being boiled : 
for a short time. It is such forms as these that spoil our 
foods that are poorly canned. | 

Demonstration 1. Where Are Bacteria Found? 

Method. Expose a number of Petri dishes containing nutrient 
agar for the same length of time in as many of the following con- 
ditions as possible. 

a. Air of the school room. 

h. In the halls of the school when pupils are passing to and fre. 

c. In the halls of the school when pupils are not moving. 

d. At the level of a dirty and much-used city street. 

0 . At the level of a well-swept and little-used city street. 

/. In a city park or quiet square in a small town. 

g. In a factory building where there are many people moving. 

In other Petri dishes place dirt from the hands, material picked 
from the teeth with a clean toothpick, a tiny bit of decayed 
vegetable or meat, two or three hairs from a boy’s head, a dirty 
coin or bill, and any other sources that can easily be obtained. 

Cover the dishes and place in a warm, dark place. j 

Observations. After three to five days, make observations on the | 
different culture dishes. How are the number of spots or colonies 
of bacteria' and molds growing in each dish ? Make a table to 
show the results. 

Conclusion. Where are bacteria found in the greatest numbera | 
and how might these bacteria get into your body? j 




The left-hand dish was exposed to the alrln a clean and well-watered rsBldentlil 

district, The right-hand dish was exposed In a crowded and dirty street, Bowdt 
you account for the dlSerences In the two plates? 
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Where Are Bacteria Found? The above experiment 
shows us that bacteria are found almost everywhere in our 
environment. Bacteria vary with the number of people 
in the environment. There would be more in a crowded 
auditorium than in a less crowded classroom, and more 
In a city street than in the air of the open country. "Wher- 
ever people live, there are bacteria, and it is only in the 
high mountains and high altitudes of the free air that 
the bacteria seem to disappear. In the earth they are 
naturally found near the surface. As we dig deeper, 
they become fewer and fewer. In sandy soil there are 
almost no bacteria and in rich soil containing manure 



and dead organic material they swarm in great numbers. 
They are very numerous in dust and dirt in buUdinga 
because such dirt contains decaying materials. Water 
from artesian and deep wells contains few if any bacteria, 
but all surface water contains them in great numbers, 
n the water contains drainage or sewage, it will have un- 
told miUions of them. Any water we drink, unless it be 
filtered and chlorinated, is likely to contain them. We 
have seen that they give flavor to foods and also cause 
them to decay. Consequently, damaged fruit, eggs 
which are not fresh, and meat which has been kept too 
long will swarm with them. Even in man’s body we 
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find great numbers of bacteria, because food taken ' 
the body often bears bacteria with it, and many of 
have the bad habits of putting things into our moutr 
or sucldng our fingers. The lower part of the food tiit 
is literally alive with bacteria. They got in there witt 
food when we were small children and have become me® 
mates. Moat of these are useful because as they feed 
they break down particles of undigested food into 
condition in which some of it can be absorbed, while thJ 
refuse is passed from the body. 

What Do They Do to the Substances on Which Thei; 
Grow? First of all, they break the foods down into 
many materials which are called products of decay 
In decay there seem to be two stages, an early stage in 
which we get extremely foul odors, and a final stage in 
which the odor disappears and the decayed material is 
broken down into more simple substances. Bacteria 
cause the decay of aU things on the earth, and this makes 
them among man’s most useful friends. They give 


n 
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What other changes are caused by bacteria? 
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flavors to food. They cause milk to sour, thus fliHin g in 
cheese making. They cause cider or wine to become 
viaegar, and are found in great numbers in the mother 
of vinegar. In soil they are of the greatest value to man 
because they not only break down the material of the soil 
into such a form that it can be used by plants, but they 
also actually place new nitrogen in the soil in a state in 
which it can also be used by plants. 

SELF-TESTING EXERCISE 


Select from the following list of words those which best fill the blank 
spaces in the sentences below and arrange them in proper numerical 
order. A word may be used more than once. 


nowhere 

animals 

heat 

hydrogen 

overcrowding 

everywhere 

dryness 

plants 

fatty 

soil 

flavors 

minerals 

protein 

carbohydrate 

enemies 

decay 

reproduce 

spores 

food 

tiny 

moisture 

oxygen 

nitrogen 

divisor 


Bacteria are (1) (2) which thrive in conditions of mod- 
erate (3) , abundant (4) , and plenty of (5) food. They 

(6) very rapidly and were it not for their natural (7) and 

for (8) , they would soon cover the earth. They are very use- 
ful because they cause (9) , give (10) to certain foods, and 

help plants to get the (11)-; out of the (12) They are 

found almost (13) in nature and are able to resist unfavorable 

conditions by forming (14) They reproduce by (15) 

PROBLEM TEST 

Mehitabbl Hopes to Teach Science and Has Made Out 
This Test foe You 

Method, Beef broth, a good food for bacteria, was boiled and, 
while stiU hot, was placed in a test tube (A) just taken out of boil- 
ing water and immediately plugged with ste^e cotton wool. An- 
other lot of broth was placed in another clean test tube (B) which 
had been exposed to the air for some time, and which was also 
plugged with sterilized cotton wool. After a week, the two tubes 
were opened. Was there any difference in the contents of the 
two tubes? 
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/oMomng statements that give the best answer to the proi. 

1. The contents of the two tubes were unchanged 

2. The contents of tube A smelled as if decay had , 
but tube B was unchanged. 

3. The contents of tube B smelled as if decay had i 
but tube .A was unchanged. 

4. The contents of both tubes smelled of decay. 

Check the following statements which give the reason for thi 
or answers checked ahove. 

1. The fact that the broth was hot when put in the tnha „ 
yented decay from taking place. 

taldng^iLi°* was sterilized kept decay from 

3. Bacteria from the air got in while the hot broth was beii., 
poured into the tubes, thus causing decay 

ch^nge^? 

5. The fact that tube A was sterilized while tube B was not wm 

sufficient to allow growth of bacteria in tube B. * 


PROBLEM n. USEFUL BACTERIA AND THEIR WOEK 

Plants Take Nitrogen from the SoU. One very neces- 
sary element in the composition of living matter is 
nitrogen. Nitrogen makes up nearly four fifths of the 
air Mound us, and yet it is not available for use by jilaiits 
untU certain bacteria in the soil have acted on it. Some 
of these bacteria live in little nodules or lumps on the roots 
ot clovers, peas, beans, and other plants called legumes 
and have the power in some mysterious way to take some 
of t^s mtrogen out of the air and fix it so that it becomes 
usable in the soil as plant food. Nitrogen in the bodies 
ot dead plants and animals also is acted upon by the 
bacteria which cause decay, and is eventually made into 
soluble mineral substances called nitrates. The changes 
roug ^ which nitrogen passes are too complex for us 
to explain at present, but we should remember that in all 
e wor d it is in circulationj from the bodies of livuig 
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plants and animals to tlie soil, there to be changed into 
soluble nitrates which may be absorbed by the roots and 
used by the plants again. 

The Living Things in 
the Soil. Life in this 
world consists of a great 
deal of give and take. 

Plants could not get along 
without dead organic 
matter. We have seen 
the need of manure and 
other decayed materials. 

Garden soil must be 
thought of as a place 
where millions of bacteria 
and other plants and 
animals live, some friendly 
and some unfriendly to 
the plants which are 
desired in the garden. 

Most bacteria are found 
within six inches of the 
surface. An examination 
of sandy soil has shown something like 100,000 bacteria 
to the gram, which is about of an ounce ; in the soil 
of an ordinary garden, 1,500,000 to the gram, while in 
the soil surrounding privies and cesspools, as many as 
115,000,000 to the gram may be found. 

Work of Soil Bacteria. Bacteria in the soil break down 
organic material, such as dead bodies of plants aird 
animals, and help to oxidize it. Some nitrifying bacteria 
act upon ammonia (a product formed in decaying matter) 
and change it to nitrites, while others change these 
nitrites to nitrates, which can be used by plants, btill 
other bacteria, as we have seen, are found living upon the 
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loots of certain pu 
such as clovers, peas, and 

although they live at th^ 

expense of the plants to 
which they attach them- 
selves in little nodule, 
take the nitrogen out of 
the air which is held in 
the soil, and change it into 
- 1 J ^^hat can be used 

Stanch to a soluble foim whirh «b- 

the roots, thus repaying the plarito on 
Sometimes a good faLer ‘‘f "'*■ 

and puts them intn +>io -i of these bacteria 

^ed soils release thfuZ^uTS 



This experiment ahowa what inocnlntlon of 


u, s. Dcut, Of Ammm 
Ifigiimes does for the crop. 
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Are these useful or harmful? Why? In some soils, 
a little one-celled animal is found which feeds upon useful 
bacteria, thus destroying the fertility of the soil. It has 
been discovered that if the soil thus infected is heated 
for a short time, it will kiU these little animals and leave 
the useful bacteria alive, thi^ mahing the soil fertile 


again. 

Reasons for Rotation of Crops. It is common knowl- 
edge among boys and girls who have gardens that the 
soil “wears out” after a while, and that it becomes 
necessary either to add 
manure, which contains 
nitrogen in a usable form, 
or some artificial fertilizer 
which contains nitrates, 
phosphates, and potash. 

By raising peas, alfalfa, 
or clover, we can often 
bring back the soil to its 
former state of fertility 
and richness in nitrogen 
A boy who Wisnes to get can you suggest any others? 

the most out of his garden 

will rotate the crops, or make a combination planting. 
A good combination of two crops in a year would be 
early peas followed by tomatoes, squash, or sweet corn; 
or radishes, lettuce, or spinach foUowed by l^a beans 
or string beans; or string beans followed by celery, 
cabbage set out from plants, beets, carrots, or turnips. 

Fermentation. You all know that when bread rises, 
it becomes filled with httle bubbles of gas. ese u es 
come from the growth of yeast cells in the dough. T e 
yeast feeds upon the flour and water, breaking the star^ 
down into carbon dioxide and alcohol. This process 
which is known as fermentation, is used on a large seal 
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in the making of beer and wine 

responsible for fermentation, but bacteria 

The souring of milk is also a kind offl^en ^ ? «■ 
caused by bacteria. When cider or wke 
vinegar, it has been caused bv the f i, 

which changes the alcohol into acetic acidT^ 
sharp flavor so much desired bv tbo 
and some cheeses are given flavor by bacterk^' Th 
of black tea, the preparation of cocoa the 
mdigo. the preservation of ensilage as' fodder 

in the silo, the curing of tobacco, the retting of 
the tanmng of leather nro ou J veiling of flax and 

of bacteria the Wp 

SELF-TESTING EXERCISE 

spJslIjh^ the blank 

^der. A word may he used more ZTSLl 

leguminous nobles *“““6 

decT , “Olds 

bacteria ®oiI 

retting fix^ ®“dng 

Many bacteria are ( 1 ) «„ i .. useful 

on the roots of (3) ™ (2) 

BO that it can be (S) by the ffil - nitrogen from the air 

are found in (7)___ soil where ^™ds of bacteria 

by releasing the’ (9) nu-® others 

ao) Ferment^iion is bwm“ “ 

Many processes, such as tho fiai ^ if 

flax, and the (IS) nf leather, the (14) of 

UO) of tea, make use of the work of bacterlT 

essay test 

^ CHARLEr A Good Pabmeb? 
reoHor^t all the errors ar.d suggest car- 

prove it right nw° i Siow thatSe ^ ^ 

Jmow that there are certain kinds of plants 
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called legumes which include peas, beans, corn, asparagus, and 
alfalfa. These legumes are able to take nitrogen out of the air 
and fix it with other substances in the soil to form nitrates which are 
compounds of nitrogen in a form that can be absorbed by the roots of 
plants. They do this by means of little animals that live in tiny 
swellings on the roots of legumes. I would plant my farm with 
alfalfa the first year and after harvesting the crop, I would plow 
under the roots of the alfalfa on which were the sweUings, for this 
would give up the fixed nitrogen to the soil. Then the following 
year I would plant garden vegetables and would continue to do this 
for several years because I know I would get good crops. This is 
called rotation of crops. A good farmer sometimes purchases a 
pure culture of these nitrates and inoculates his soil with them, 
and this makes his land fertile for many years. 

PROBLEM III. HOW AHD WHY BACTERIA CAUSE 
DISEASE 

We have thought of the human body as a machine. 
Machines wear out in time, and so do our bodies, but 
nevertheless there are very few deaths caused from old 
age alone. The human machine may slow down but 
does not stop running unless some defect causes trouble. 
There are various diseases that are not caused by germs ; 
such are the deficiency diseases caused by lack of some 
vitamin in the diet; diseases caused by some lack of 
balance in the worldng of the glands which make our 
body run smoothly ; hereditary diseases such as epilepsy 
or habitual drunkenness; diseases caused by bodily 
defects, such as headaches brought about by eyestrain ; 
and mental diseases. But in spite of all this long list, 
it is probable that about 50 per cent of aU the deaths 
are caused by harmful germs. Some people do not 
believe that germs cause disease, but it is easy to prove 
they are wrong because germs that are known to cause 
certain diseases in man can be placed in the bodies of 
rats or guinea pigs or rabbits, and these animals wiU 
be given the same disease. You might ask how this is 
done. We know from experience that a germ disease 




LOUIS PASTEUR, 1822-1895. 


'pHE school chUdrcn of Franco, when nslccd to name the greatest 
■f connUy had ever produced, chose Louis Pasteur But 

Son could possibly como to him. Born in Dole in December, 

1822, m vo^ moderate circumstances, the boy grew up as a very or! 

mary s tudmit, and in none too good heal ih. lie was sent away to 
school, and became much interested in fermcnlatlon, which up to 
hw fame was thought to bo a purely chemical process. Ho showed 
It to be c^sed by living yeasts and bacteria found in dust and in 
the air. He studied the disease of the silkworm, and, after many 
years of hard work, discovered the causes of the trouble. But we 
remember him as the man who fust understood the meaning of in- 
Delation agmost disease. He found one day, after inoculating some 
chickens vnth a weakened culture of chicken-cholera germs, that if 

tnoculutcd with deadly cholera germs, 
they did not become sick. Tliis gave him the idea of the use of s 
weakened virus against disease and later resulted in the saving of 
Aousa^a of Uves of those threatened with hydrophobia. This 
pnnciple, now applied in vaccination against typhoid and other 
Aseaaes. is one of the greatest discoveries of modern medicine. As 
. , I 1 I “vestigntions, there was built for him the great 
in of Pasteur Iiislituto in Paris. He died 

in 1895, the most loved man in all Franco. 
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is always specific, for a certain kind of germ causes only 
one kind of disease. It is possible to scrape the throat 
of a person who has diphtheria and to inoculate a sterile 
Petri dish containing 
sterile culture medium 
with these scrapings. If 
the dish is placed in a 
warm place, colonies of 
bacteria will soon appear 
on the surface of the cul- 
ture medium. If, now, a 
little of the material from 
one of the colonies which 
are known to be diphtheria 
germs is transferred on a 
sterile needle to a test 
tube containing sterile 
culture medium, a pure culture of these particular germs 
will grow in the tube. The tube now contains only 
one kind of germ and these germs, if introduced into 
the body of a guinea pig or rabbit, will cause the 
animal to have diphtheria. We know it is the same 
disease because the germs of the same kind as the germ 
in the pure culture can be taken from the animal’s body. 
This has been done time and time again, so that we are 
now sure that certain specific germs cause certain dis- 
eases. To make the matter even more certain, people 
have sometimes accidentally taken some of these germs 
into their bodies and they have come down with the same 
disease. 

Why Bacteria Cause Disease. Suppose you were to 
take into your body the germs of some infectious disease 
like diphtheria. These germs would always come from 
someone who already had the disease germs in their 
throats. They might be passed on to you by kissing, 



What canyon do to improve t%e conditions 
shown here 7 
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drinking out of the same cup, eating an apple, or sucking 
candy which had touched their mouths, or more usually 
the germs might be passed along in the mouth spray ^ 
in talking or sneezing or coughing. For a short period 
varying from a day or two to about three weeks, these 
germs live in your body and multiply. This period of 
growth is called the incuhation period. During this 



What are some of the dangeia that come from riding in a crowded street car? 


time the germs are multiplying from a few to many, 
many millions. As they grow they give off wastes, just 
as we do in our daily life. But the wastes of the disease 
germs are poisonous and for that reason are called toxins. 
^ these toxins increase, they circulate through the body 
in the blood, and before long come the symptoms of the 
disease. Most children’s diseases begin with the same 
symptoms, a slight cold, headache, nausea, and fever. 
As more and more toxins are manufactured by the 
germs, the fever and other symptoms increase and we are 
finally ill with the disease. This story is repeated with 
variations for practically every germ disease. In some 
diseases, the toxins cause us to break out with a rash awJ 
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in the case of diphtheria the throat becomes very in- 
flamed and may become completely stopped up with a 
growth caused by the bacteria. In a few diseases, as 
tuberculosis, the germs may actually eat away the parts 
of the body where they are living, but in most cases the 
damage is done by the toxins. And, rmfortunately, 
germ diseases often leave dangerous aftereffects, as would 
be true of any poison taken into the body. 

Why Are the Teeth and Tonsils Danger Points of 
Infection? Since germs enter the body largely through 
the mouth and nose, we should be sure that all parts of 
the mouth, nose, and throat are kept clean. Proper 
brushing of the teeth and care of the mouth may keep 
the teeth healthy, but we often find that in spite of all 
that we do, germs attack the teeth and sometimes form 
little pockets at the base of the root. These pockets of 
germs give off their poisons into the blood supply and each 
alone becomes the focus or center of infectious materials 
which may lead to very serious troubles, such as rheuma/- 
tism and heart trouble. Infected teeth may be readily 
discovered by the use of X-rays and usually should be 
extracted. Pyorrhea (pi'6-r§'o) is a disease of the gums 
which causes the teeth to become loose. This is another 
source of infection and should be treated by a good dentist. 
Get the habit of going to a reliable dentist at least every six 
months and always take his advice. 

The tonsils are masses of tissue at the entrance to the 
throat and may harbor germs. Cases of sore throat and 
tonsillitis are indications of the presence of germs. When 
air is taken in through the nose, the moist limng of the 
nose warms and moistens the £iir and prevents irritation. 
The small hairs in the nasal passages will catch and hold 
some of the dust and germs that may enter with the air. 
The tonsils lie on the side walls of the throat and are com- 
posed of spongy tissue. If they become enlarged, they 

H. & W. BOL n — 24 
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shown in figures 8 and 4 SeJ tL horfr 

front ffleure Th= ■ i”**' should be brushed as well as the 

and 7 ^ Thi'p * ui ^ fiums should have a massage (figures 1 2 

a aay use dental floss between the teeth to get out particles of food that may 
cause decay (figure 8). 
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are likely to become infected with germs taken in with 
the air. Infected tonsils should be removed. Adenoids 
are spongy growths of tissue which often fill up the air 
passages in the back part of the nose and thus cause 
difficulty in breathing, with a consequent loss of efficiency. 
They may be removed by a very slight operation. Other 
areas sometimes attacked by bacteria are the spaces 
in the bones of the nose and face known as smuses ; 
such infections are a cause of much discomfort and 
require careful treatment by physicians, 


SELF-TESTING EXERCISE 

From the following list of words select those which best ^ItheblMk 
sv^eJ^n the sentences below and arrange them ^n woper nnmer^cal 
order. A word may be used more than once. 


symptoms 


deaths 
50 per cent 
geims 
minerals 
germ 

transferred 


uncertain 

disease 

transform 

more 

same 

little 

knowledge 

grow 


toxins 

hereditary 

infects 

less 

75 per cent 
diseases 
vitamin 
talking 


contact 

particular 

multiplying 

eatmg 

grows 

incubation 

having 

well 


Probably (D— OJ 

the animal to have the infectious disease, the germs 

shown to be (11) _ In passing an ^ ^ 

must be transferred from a , qk-) by sneezing 

(14)^ person. Th s may come {trough ^o)— by 

or coughing or even (16)^ ° , rig qi spoons. After the 

the same (17) to bod? of the (19)_— 

germs are transferred, they (lo) _ which cause to 

Jaraoa, (20) «»■!. S— oSt known ,» 

(22) ot the Aten mrat inleoliona diaoaaea 

the (23) ^ period, and is to time wuou 

are (24) from one person to another. 
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PROBLEM TEST 

Sylvia Has Pbepaked a Test fob You 

Method. A tiny bit of pus from a boil was transferred 
sterile needle to a sterile culture medium in a sterile dish and 2 
in a warm place for several days. Several different ki SS 
onies of bacteria were found in the culture medium. ExpkiS! ' 

Check the best ‘probable reason or reasons for this happening. 

1. The person transferring the pus got bacteria in :+ i.. 

hands or the needle used. oacteria m it from his 

+1, air was filled with various kinds of bacteria, which cnUn 

the sterile dish when it was opened. * ^ ^ 

3. The pus contained more than one kind of bacteria. 

4 . ihe culture medium contained geims. 

6. The dish contained germs. 




THE REVIEW SUMMARY 

In preparing a summary of what, you have found out in this 
unit, you will want to place emphasis on the big ideas which hare 
come from the applications of the facts you have learned and S 
demonstrations you have seen. Doubtless you have done some 

fact? into Mntr" together some of the 

^cts into generalizations or fundamental underlying princinles 
For this unit some of these generalizations are : ^ ^ 

1. Bacteria are found almost everywhere. 

in ?he tatr^ ^ “"I*™ 

3. Bacteria reproduce very rapidly 
^^4. Some bacteria enrich the soil by taking nitrpgen out of the 

5. Specific bacteria cause specific diseases. 

o. oatohing diseases are caused by bacteria. 

yoS*knLTpS“®/+u"'/®y“^ summary for your workbook, test 
BO as +n tiD D ^ ^ 1 ^^ facts of the unit by checking over the text 

or generahzatfons'* the facts underlying the science principles 
ns. Then using this material and everything you 
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have read, seen, or done yourself, make your summary outline. 
This outline you may use when you make a recitation. 

TEST ON FUNDAMENTAL CONCEPTS 

In a vertical column under the heading cohrbct write the numbers 
of all statements you believe are true. Under incoubbct write the 
numbers of the false atalements. Your grade = right answers X 2^. 

I. Bacteria: (1) live best under conditions of great heat; 
(2) thrive on moat protein food ; (3) are all mioroscopic ; (4) mul- 
tiply very rapidly under favorable conditions ; (5) prefer dryness 
to moisture. 

II. Bacteria are found abundantly: (6) in the digestive tract; 
(7) in sandy soil ; (8) in manure ; (9) in chlorinated water ; (10) in 
some kinds of cheese. 

III. Bacteria are useful because: (11) they kill ofi the excess 
population; (12) they cause wood to rot; (13) they fix nitrogen 
from the air; (14) they cause decay; (16) they sour milk. 

IV. Nitrogen-fixing bacteria; (16) are found on the roots of 
plants living in rich soil; (17) take nitrogen from the bodies of 
dead plants and pass it on to living things ; (18) absorb soluble 
nitrates from the soil ; (10) fix free nitrogen from the air, changing 
it to soluble nitrates ; (20) live in nodules on the roots of legumi- 
nous plants. 

V. Fermentation; (21) is a chemical process; (22) is brought 
about by yeasts and certain bacteria ; (23) causes bread to rise ; 
(24) aids in the process of making ’vinegar ; (26) causes the forma- 
tion of alcohol in making wine. 

VI. We know bacteria cause disease because : (20) germs caus- 
ing a certain kind of disease can be transferred from one animal 
to another and will cause the same disease in the second animal ; 
(27) people take “catching diseases”; (28) we can make a pure 
culture of disease germs and then give the disease to a rat by inocu- 
lating the animal with germs from the pure culture ; (29) they are 
everywhere and diseases are universal ; (30) they grow freely in 
moist protein. 

VII. We call a disease catching or infectious when : (31) it is 
caused by germs ; (32) when it can be passed from a person who is 
sick to a person who is well; (33) when a person has a^ fever; 
(34) when a person has a headache ; (36) when it shows an incuba- 
tion period. 

VIII. Focal infections; (36) often cause serious diseases; 
(37) are caused by bacteria ; (38) are caused by diseased teeth^ or 
tonsils ; (39) cause adenoids ; (40) may be prevented by brushing 
the teeth. 



358 


BACTERIA— GOOD AND BAD 


PRACTICAL PROBLEMS 

1. How would you go to work to determine aoieutifioallv 
whether or not a disease was caused by bacteria 7 

2. Do you know of any other ways of making compoundB 
out of the nitrogen of the air except by means of the nitrogen-fixing 
bacteria? Explain. 

3. Certain people deny that germs cause disease. What facts 
could you bring forward to disprove this ? 

4. Alice’s small brother who does not go to school is ill. His 
eyes and nose “run ” and ho has other symptoms of coming down 
with a cold in the head. Alice has played with him all afternoon, 
What should she do about going to school next morning? 

INTERESTING THINGS TO DO, READ ABOUT, OR SEE 

1. Work out a plan to catch and grow wild yeasts. 

2. Work out a plan for a demonstration to prove that bacteria 
are found in milk. 

3. Rend De Kruif’s Microbe Hunters, Hallack’s Health Heroes 
or Vallery-Radot’s Life of Louis Pasteur. 

4. Make a list of all the superstitions held by your clngp 
reference to disease, and show where each one is unscientific. 

5. Make a survey of the claas to see what catching diseases 
each one has had. Eind out at what age each disease was taken. 

SCIENCE FOR LEISURE TIME 

1. Plan an experimental garden in which you use exactly the 
same kind of soil throughout, but use different ways of fertilizing 
the soil. Compare the differences obtained by using inoculations 
with nitrogen-fixing bacteria, with commercial fertilizer, and with 
rotation of crops, using alfalfa or soybeans. 

2. Work up a report on a series of crops which would make a 
good rotation for your garden. 

3. Prepare a large chart on “Who’s Who among the Microbes." 

4. Make a labeled collection in small bottles of different kinds 
of legume seeds. Place your collection on exhibition. 

SCIENCE CLUB ACTIVITIES 

1. Plan and give an exhibit in which you show the wa 3 ^ in 
which man can control the growth of bacteria. For this purpose 
plan experiments that show the effect of (1) temperature, (2) mois^ 
ture, (3) light, and (4) food. Be sure to have each experiment 
original and use a control. 
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2. Go to the local health department and find out where you 
can get material to make some large chart graphs to show seasonal 
variations in disease. Put these charts on exhibition. 

3. Prepare an exhibit of clippings and pictures on the milk 
industry in your locality. 

4. Make a field trip to obtain good specimens of nodules on the 
roots of leguminous plantSj and exhibit them. 

5. Plan a meeting at which a debate is held on the subject - 
Resolved : that the world needs bacteria. 
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Sdjivjby Quebtionb 

In what ways might your surround- 
ings affect your health end that 
of other people ? 

Do you know where the foods you 
eat come from? 

Are people ever made ill from bad 
foods? If so, why? 

Do you know what means are taken 
by your community to make 
foods safe to eat ? 

What do you know about the work- 
ing of the Pure Food laws in your 
state ? 

Do you always believe everything 
you read in advertisements about 
foods and medicines ? 



UNIT xm 


HOW THE COMMUNITY PROTECTS ITS 
FOOD SUPPLY 


PREVIEW 

Have you ever been to a public market where vegetables 
and fruits are brought in from the country, where 
groceries, meats, and dairy products are placed in pleasing 
array in attractive booths? How inviting these look 
when the stalls are clean and the foods are free from 
flies and dirt, and how we instinctively avoid buying 
at the places that are slovenly and dirty. Have you 
ever thought of all that has been done in order to make 
these foods safe for you? Not only does the IJmted 
States Government have laws which deal with the 
protection of foods, but most state governments do ss 
well. Both have a staff of men whose business it is 
to go from place to place and inspect all kinds of foods 
which are used in a community so as to keep them safe 
for human consumption. The milk you drink is in- 
spected at the farms where it is taken from t e cow. 
It is packed in ice and sent in refrigerator or tank cars to 
the city, where inspectors agmn examme it to see that i 
is not contaminated before it is pasteurized and bott ed 
by the great milk companies. In the ci les, e 
departments supervise the work and also see ^^at ^ 
meats, vegetables, fruits, and other easily. spoiled foo^ 
are put on sale under conditions of cleanliness and s^ety 
to £iman beings. Meats beai the mark of 
by federal officials. Grocenes and canned goods 

861 
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protected from adulteration by pure food laws. All 
preserved goods are labeled so that each one may knoAv 

just what preserva- 
tives are used. This 
is done so that no 
poisonous materials 
may be put into the 
preserving substances 
in quantities injurious 
to health. 

Our food supplies 
come from very many 
sources. Much of our 
pork comes from Iowa 
and Illinois; our lamb 
from Montana; fruit 
from California or 
New York ; fish from 
the eastern or western 
coasts or from the 
Great Lakes. Evi- 
dently we need in- 
spectors in a great many places. All the stockyards, 
storehouses, and cold-storage plants must be visited if we 
are to be safe from bad foods. In the stockyards no 
diseased animals can be slaughtered, and in the cold-storage 
plants the inspectors check for decayed food. Even cured 
meats and canned goods must come under their eye. 

It was not so long ago that communities did not take 
much care of their food supplies, and as a result we had 
many cases of food poisoning. Today we are better 
educated, so that most communities have the proper' 
facilities for caring for foods on sale. Some places, 
however, are not so careful, and although laws may be 
made, they ai’e not kept. Especially is thi p true of 



Sietft ana Co. 


Meat is inspected by government offlclals before 
it is sold. Seed your text carefuily to see if this 
is.aiways done. 
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omgnAr places where the members of health boards or 
other officials do not see the need for close supervision. , 
This is your opportunity to do your duty as a 
citizen. Are there farms near where you Uve that 
produce dirty milk? Are there stores in which ^Ik is 
sold in cans unprotected from ffies and dirt? Do you 
do your part at home in protecting yom milk and other 
foods in hot weather? Are your food supplies bough 
when fresh and used when fresh? Do you read the 
labels on your canned goods and preserves, and o y 
know what these labels mean? If you 
useful member of your commumty, you should not on y 
know the pure food laws and their meaiung, but a o 
you should do your part in making it possible to ca y 

out these laws. 
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Before you begin the serious study of this unit vq 
will want to recall all you learned last year about 
so that you may build this unit on a firm science founds 
tion. These are the following : 

Science Pbinciples 

1. Foods come from living and non-living sources. 

2. We need a variety of foods to keep healthy. 

3. Foods are used for growth, energy, and the regula- 
tion of bodily activities. 

4. Vitamins are essential to health. 

5. Microorganisms cause foods to spoil. 

6. Refrigeration, drying, preserving, and cooking pro- 
tect foods from microorganisms. 

Keep these statements in mind as you study the pages 
that follow. 

PROBLEM 1. WHY SHOULD FOOD SUPPLIES BE 
PROTECTED? 

Some Reasons Why Foods Must Be Protected. We 
hear a good deal nowadays about pure food, and people 
are becoming educated to the necessity of having food 
neither contaminated nor adulterated. Not so long ago 
many of our prepared foods were adulterated. Of many 
samples of foods tested before the year 1906 at Washing- 
ton, 60 per cent of one lot of 500 samples, 41 per cent of 
another lot of 600 samples and 60 per cent of a third lot 
of 600 samples were found to be adulterated. This showed 
to the Confess of the United States the need of protecting 
people against the adulteration of foods, and so, in 1906, 
the Federal Food and Dru^ Act was passed. We found 
^0 that our meats were not always protected in the kill- 
hig and in transit to the consumer. 

Milk and Water May Be Dangerous Foods. Every- 
one of us living today is responsible for everyone else. 
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Health depends on each one’s willingness to look out for 
his neighbor as well as for himself. Foods are materials 
that everybody uses. We therefore have rights as citizens 
to expect our foods to be pure, to be kept clean, and to be 
protected from disease germs. Not so many years ago, 
when we did not reaUze the value of protecting our food 
gupphes, there used to be great outbreaks of diseases or 
epidemics caused by drinking contaminated water or 
jpillr or by eating adulterated foods. Hundreds of epi- 
demics of typhoid fever have been traced to water supplies 
in which typhoid germs were found present. As late as 
1903 the city of Ithaca, the site of a great university, had 
over 10 per cent of its total population sick with typhoid. 
This was caused by the pollution of its water supply. As 
recently as the months of March to July, 1927, Montreal, 
Canada, had an epidemic of 4755 cases of typhoid which 
were apparently distributed through milk. A report on 
this epidemic says, “that surface streams were commonly 
used as sources of water for the mlk houses Rouses 
where the milk was prepared for shipment) and for the 
disposal of sewage from the homes up stream, a,nd in 
one milk-receiving station, “the water used mainly for 
washing the cooUng vats and other equipment wm 
pumped from the river.” Do you see why this epidemic 


Dangers from Raw Vegetables. But other foods 
besides milk and water may carry disease ge^. 
Unwashed fruits and vegetables, such as celery, lettuce, 
water cress, or radishes, may sometimes ^^rry ge^ 
causing diarrhea or other intestmal diseases, especiaUy 
if these vegetables have been watered with manure water, 
as is often the case. An outbreak of typhoid 
been traced to some people eating water-cress sandm^es. 
Eighteen out of nineteen people eatmg is w i 

which came from a polluted stream, were a en 
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Other Dangers. Badly preserved fruits or 
may “work,” showing the presence of bacteria"' ’Wliiig 

are 



such 


foods are aot 
necessarily injurious 
they should be thrown 
out rather than to 

risk food poisoning be- 
cause the deadly germ 
which causes botulism 
is sometimes found in 
such foods. Raw oys- 
ters have been known 
to carry typhoid 
germs, and as late as 
1904-5 an outbreak of 
typhoid which caused 
the illness of over 1500 
people and the deaths 
of over 100 was traced 
to the custom of oyster 
dealers placing their 
oysters for sale in fresh 
or brackish water to “fatten” them. The cars in which the 
oysters were placed were sometimes floated near the open- 
ings of sewers, and the oysters feeding on minute particles 
in the water took the germs into their bodies. Fortunately 
this process is now prohibited by law, and people can feel 
safe in eating “oysters on the half shell.” We must 


Compare the seaeonal variation in diarrheal 
dlaeasea in 1910 and 1930. How do you ac- 
count for the difierences? 


remember that flies and other insects may carry harmful 
germs. Eijperiments have been made that show very 
clearly a relation between the number of flies and certain 
diseases of the food t3?pe, such as diarrhea. It is not very 
pleasant to think of flies carrying germs from toilets to 
foods, but this is just what they do-. Remember during 
the fly season to protect all foods from these dirty crea- 
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tures. Also keep all overripe or spoiled fruit and meat 
which has a, slight odor from the table because such foods 
axe likely to contain bacteria that cause decay. 


SELF-TESTING EXERCISE 


From the following list of words select those which best fill the blank 
spaces in the sentences below and arrange them in proper nurmiad 
(ffder. A word may be used more than once. 


unhygienic 

disease 

wealth 

food 

fruits 

bacteria 

harmless 

milk 

habits 

foods 

nuts 

neighbors 

eggs 

contagious 

increased 

passed 

vegetables 

filth 

polluted 

used 

reduced 

chlorinated 

supplies 

edible 

places 

health 

water 

clean 

filthy 

diseases 


as 


Each person living today is responsible for his own (1)— - 

well as that of his (2) All people are likely to have (3) — _ 

or catching diseases and these may be (4) on to others through 

( 5 ) supplies (6) by many people. Such are (7) supplies 

and raw (8) or (9) Typhoid fever (10) to be one of 

our most prevalent diseases in (11) where the (12) — _ supplies 

^ere (13) although today deaths from this disease have been 

greatly (14) because better care is taken of (15)-— and 

(10) supplies. Dirty food is always (17) as well as un- 
pleasant to eat. Flies spread (18) because of their filthy 

(19) They carry (20) from decayed (21)__ and Place 

them on (22) foods. We eat the foods and take the (23) 

into our bodies, where certain kinds may cause (24) 


ESSAY TEST 

John Tells Why Foods Ought to Be Protected 
Read carefully and criticaUy: List all the errors and suggest 
corrections. 

Everybody has to eat. Many food suppUes that are used m 
common, as, for example, imlk, pass through ® 

they reach the consumer. Some people may 
if it gets into milk, may cause disease. Foods ^ 

tested today than they were twenty years ago. 
as much sickness as there was then. Laws are made to protect us. 
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but we are careless and do not obey them. So we get sick. For. 
tunately most germs are harmless and so we are not made sick 
by many of them. 

PROBLEM II. HOW ARE WATER AND MILK SUPPLIES 
PROTECTED ? 

How Milk Supplies Are Protected. In Unit IV we 
have already learned how the community protects its water 
supplies. The protection of milk, however, is a different 
matter. In order to have pure milk, the greatest care 
must be taken from the time the milk leaves the cow until 
the time it reaches the consumer. The purest millr comes 
from cows which are healthiest and kept in clean yards 
and barns. Yet, one dirty or sick milker might send his 
gernoB through the milk to do harm in the city where it is 
delivered. Care then must be exercised at every point. 
In the best of dairies the milking barn is screened to 
protect the milk from flies, and the workers wear white 
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A model daiiy bam. Tell the ways in which the milk Is protected. 
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washable clothes and white gloves. In the moat up-to- 
date dairies, when the cows come in to be milked, they 


are carefully washed, 
put in clean stalls, 
and milked by means 
of electrically-driven 
machines which take 
the milk directly from 
the cow into closed 
containers. Then the 
Tnillr is cooled and 
either placed in cans 
in a refrigerator car 
or else delivered to 
glass-lined tank cars 
in which the milk is 
kept artificially cool. 
When we remember 
that a city like New 
York obtains its milk 
supply from eight 
different states as 
weU as Canada, and 
that' some of its milk 



The milk supply of the city of New York. The 
size of the circle shows the relative amounts 
of milk that are shipped from each locality. 


is over four days old when it reaches the consumer, we 
can see the need, not only for ice in order to prevent the 
growth of bacteria in the milk, but also for pasteuriza- 
tion. In most cities the big milk companies pasteunze 
their milTr on a large scale by passing it rapidly over pipes 
filled with steam. This kind of pasteurization, Imown 
as the flash method, raises the temperat^ of milk to 
178° Fahrenheit for about a minute. It is not so good 
as the slow method of heating to 145° F^enheit, for 
30 minutes, but it kills the harmful bactem m the 
and slows up the growth of the bactena which cause the 


H. & w. BGi. n — 26 
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millc to sour. Pasteurization will not keep the milTr 
souring, nor will it make dirty milk clean, but it will 
keep the clean milk fresh longer. At the present time 
Massachusetts has about 85 per cent of its milt- supply 
pasteurized, and in consequence milk-borne diseases are 
at the lowest level they have ever been. 

Milk Standards. Many cities, such as New York, have 
four lands of milk. The fii'st is Certified. This milt 
must come from cows which are free from all disease and 
which are examined frequently by inspectors, and when 
the milk is delivered raw (which means not pasteurized) 
it must have not more than 10,000 bacteria to the cubic 
centimeter. To have such a condition means that the 
barns must be clean, that the cows must be clean at the 
time of milking, that the workers must be free from dirt 
and disease, and that the dairy and its cans must be in 



HlwffUld Farms Co., ins. 


A city paBteurlzlng plant. Milk here is heated to 178° Fahrenheit for about a 
minute, la this the beat method of pasteurization? 
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spotless condition. Milk such as has just been described 
is very expensive because of the care needed, but it is the 
purest milk. Grade A pasteurized is -milk which must be 
produced from cows free from disease, the general sanitary 
conditions must be good, and the bacterial count must not 
be over 200,000 before pasteurization, and not more than 
30,000 before delivery to the consumer. Grade B milk, 
when sold raw must contain not more than 300,000 
bacteria to the cubic centimeter and when pasteurized 
must contain not more than 1,000,000 to the cubic centi- 
meter before pasteurization and not more than 100,000 
per cubic centimeter at the time of delivery. There is 
also a Grade C milk allowed which is so low a grade that it 
should not be used for anything except cooking. 

Other Ways of Supplying Milk. In some parts of the 
world fresh milk is not obtainable. Therefore miUc is 
evaporated and placed in cans, or it is dried to a powdered 
form and then used with fredi water. Neither of these 
sources of milk is so good as fresh milk because the vitamin 
content is harmed. 

Diseases Passed through Milk. One of the chief reasons 
why milk must be carefully protected is that of the number 
of diseases that can be passed on through it. Typhoid, 
scarlet fever, septic sore throat, diphtheria, and certain 
cases of tuberculosis can all be carried in milk, while 
measles, diarrhea, and certain rare diseases, such as 
undulant fever, are traced to this same source. Although 
the germ which causes tuberculosis in cows is not the same 
as that which causes adult tuberculosis in human beings, 
yet about 30 per cent of the tuberculosis in children under 
five years of age is the kind that is found in cows. Chil- 
dren are more susceptible to cow tuberculosis than adults, 
so this makes it aU. the more necessary to inspect the cows 
for this disease and prevent their milk from getting into 
the public supply. There were 317 known epidemics of 
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typhoid up to the year 1908 which were caused by infected 
milh and many more since that time, although in recent 

years, because of 


^phcndfo^ 


tuloerculodU 


protect 

utiduWib J llllL'K V— 


111 

knowledge about germa 
the numbers of such epi! 
demies are rapidly Hp. 
creasing. 

The Problem of the Car- 
rier. The greatest danger 
comes from 


«or)c«c( atoocic 
bndcK 


iMf^uCDeli 

hot "Kmiiv •mr)m 
vat Buro to (bl W 


Clot Vftaiv 


to 1)0 
praraUed 
Jurnork 


diarrhea dipktl 

Why 1 b it Important to protect milk while 3't present 

it is being handled 7 Carriers, those people who 

have had the disease and 
who still carry the germs in their body. They are not 
necessarily sick when they carry these germs and in some 
cases are not known to 
have had the disease. 

You have all heard of 
"Typhoid Mary.” She 
was the first typhoid car- 
rier to come into public 
notice because, during a 
period of six years, she 
infected 24 people with 
typhoid. She was a cook 
and carried the germs in 
her body and because of 
dirty habits passed them 
on into the food. She 
was put under* observa- 
tion for three years, but 
escaped, and later, in 
1914, entered a New York 
hospital as a cook and 
there infected 25 more 
employees. Because oui' 



>1ARY htrnams 

and OMked for a gtoup of 
db^mond raiisss inaViocpitu 

^qphbicC jbUoMal- alSmaw and 
aea^ occurred 

XmioID KAnv IS rmf lacpt. 
uneCer suporvlsicn. oX. 
AVkl^uie Island 


What other peoplq besides cooks might be 
dangerous as carriers of typhoid or aepde 
sore throat? 
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present laws in some states do not allow us to put these 
disease carriers where they cannot pass on the disease 
to otherSj we still have many epidemics traced to them. 
Between March, 1930, ^d August, 1932, six out of seven 
such epidemics of septic sore throat, scarlet fever, and 
typhoid, involving 277 eases, were definitely traced to 
carriers. This shows the importance of having all han- 
dlers of milk and foods frequently inspected. 

SELF-TESTING EXERCISE 

From the following Hat of words select those which beat fill the blank 
spaces in the sentences below and arrange them in proper numerical 


order. 

A word may be used more than once. 


germs 

flash 

septic 

boiled 

cold 

useful 

diphtheria 

clean 

hot 

carriers 

smallpox 

handling 

distance disease 

useful 

pasteurized 

hours 

bodies 

transportation 

typhoid 

days 

hold 

freezing 

pass 

can 

cow 

sheep 

oxen 


AH milk contains germs, even when it comes direct from the 

(1) In order to keep the milk (2) care must be exercised 

in milking, in (3) , and in (4) Milk in large cities may 

come from a ffi) find is often over 48 (6) old before it 

reaches the consumer. Therefore, it must be kept (7) and 

should be (8) before it is delivered. Large milk companies 

use the (Q) method of pasteurization. Pasteurization kills 

(10) germs, such as those causing (11) , (12) sore 

throat, and (13) Most danger today comes from (14) or 

people who carry (15) (10) in their (17) and can thus 

tiS) them on to others. 

ESSAY TEST 

Cbahub TbiiiB How to Keep Milk Safe 

Read carefully and criticaMy, Last all the errors and suggest 
corrections. 

When milk comes from the cow it has no germs in it so care must 
be exercised at every point to keep mi l k pure. It should be first 
carefully strained through cheese cloth, as this takes out any germs 
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that might get in from the air. Tlien it should be sterilizBH 
Hhipping in order to kill the germs. Our greatest danker 
from carriers who carry living germs in their clothing for tLv “ 
thus pass these germs on to oiir milk or other foods Small 
diphtheria, septic sore throat, and many other diseases are i *’ 
on in tilts way. ‘ e i 


PROBLEM III. HOW ARE FOODS PROTECTED Df 
STORES AND MARKETS? 

Protection of Foods. You hsxve all bought food in a 
neat store where the food.swerc clean and protected from 
flies. You may also have gone to stores that were far 
from clean, and you have felt that it was better to get 
food in a clean market. Fortunately for us most cities 
and state.s have regulations for the proper inspection and 
care of food supplies. A.s a community grows in size it 
becomes necessary to safeguard the health of its citizens 
by protecting all supplies that arc used in common. We 
have seen how water and milk are protected, but we also 
have means for protecting meats, fruits, vegetables, and 
canned good.s that ar(.i sold to the public. The board of 
health of your town lui.s inspectors whose business it is 
to see that the foods on the stands are so covered that 
dust, which contains bacteria, and flies, which carry 
bacteria, cannot reach them. 

How Our Meats Are Protected. All over the United 
States the government has placed federal inspectors whose 
business it is to see that all animals killed for meat are 
in good condition. These inspectors work in the great 
slaughterhouses and packing houses. Work is carried on 
in over 250 cities and in over 3000 different large establish- 
ments. Meat is inspected by government officials for 
bacteria that cause tuberculosis and suspected meat is 
destroyed. The kinds of clothes the workers wear in the 
plant, the appliances for sterilizing buckets, knives, tanks, 
etc., and the method of control of pests are all regulated 
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by law. In many cities the slaughterhouses must be rat 
proof, screened against flies, and all refuse must be at 
once disposed of. Un- 
fortunately our Na- 
tional Government no 
longer examines pork 
for the presence of 
the pork worm or tri- 
china. These worms 
bore into the muscles 
of pigs, and there 
make cases around 
themselves. If pork 
in which the worms 
are still alive is eaten 
they will get into 
the food tube and 
reproduce there. The 
young will later work 
their way into the 
muscles of their host, 
there causing serious 
inflammation and sometimes death. Always be sure that 
all fresh pork is thoroughly cooked as we have no pro- 
tection other than this against the trichina. 

The Sale of Meats, Milk, and Groceries. One of the 
most important functions of your board of health is to 
see that the stores in which milk, meats, fruits, and 
groceries are sold are clean and sanitary. In many 
communities the law provides that all perishable goods- 
must be kept under glass or well screened, especially in 
the summer season. Gan you see a reason for this? 
Does the grocer with -whom you deal have a clean and 
well-ventilated shop ? Are the receptacles containing 
flour, sugar, etc., always kept covered? Are vegetables 



itfAtrlc. 

Testing canned vegetaUes in the lahcratorlBB 
of -Uie Food and Drug Administration, 
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and fruits exposed so that people may handle them and 
flies and other vermin touch them? If so, you should 
not patronize the place. Food, when exposed for sale 
should be kept covered so that germs cannot get to it' 
for this is one of the easiest ways for germs to be spread' 
Suppose a man with tuberculosis should come into the 
shop and cough on the fruits, vegetables, or into an open 
can of milk. What would prevent you from innocently 
carrying home those germs and taking them into yonr 
own body? An ounce of prevention is worth several 
pounds of cure in this case. 

Cold Storage and Its Relation to Foods. Are cold- 
storage foods as safe to eat as fresh foods? We often 
hear this asked. It is true that the cold-storage planta 
which have come to be almost a necessity for large com- 
munities, frequently keep meats, fish, and other foods for 
periods of from several weeks to several months, or even 



QglloiHV 


Street mnrkete. Is this a sofa way to buy food? Oive your reasoaa. 
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longer. While storing foods in ice at a freezing tempera- 
ture changes their flavor, yet if the food is fresh when it 
is put in cold storage 
and if it is used soon 
after it is taken from 
cold storage, it will be 
good to eat. Foods 
kept in cold storage 
a long time are sof- 
tened so that bacteria 
grow rapidly in them. 

Sometimes fish or 
meats are put into 
cold storage after the 
bacteria have begun 
to spoil them. Such 
foods would be unfit 
to eat after coming 
from cold storace. On interior 0{ a cold storage plant. Bloat meat 
, , 1 , , ' used tods; comes from cold storage. 

the whole, cold storage 

is a boon to modern society, for it enables us to have 
fresh vegetables, eggs, and other perishable foods at times 
when they could not otherwMe be obtained. 

Frozen Foods. A new process by' which foods are 
frozen rapidly and then kept at a temperature below 
freezing has resulted in the placing on the market of many 
kinds of meat, fresh fruits, and vegetables. Experiments 
have been made which show that if these materials have 
bacteria on them before the time of freezing, they are 
likely to carry them alive during the time of storage. It is 
therefore necessary to treat such foods as we would any 
other freshly bought vegetables, that is, they should be 
carefully washed or sterilized before using. Such vege- 
tables also spoil very quickly after defrosting. 

Another frozen food which requires careful sanitary 
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control is ice cream. Recently 250 samples of ice cream 
were collected from variou-s stands and stores in a certain 
city. These samples showed from 37,500 to 365,000 OOO 
bacteria per cubic centimeter, depending upon the sanj. 
tary conditions in the ice-cream factory and the care in 
which it was handled. It is believed that 100,000 bw- 
teria per cubic eentimoter is the limit for safety, so you 
can see that some of this ice cream was very bad indeed 


SELF-TESTING EXERCISE 


Select from the following list those words which best fill the blank 
spaces in the sentences below and arrange them in proper numerieal 
order. A word may be used more than once. 


fat 

perishable 

covorod 

hookworm 

Federal 


health trichina raw 

used cooked well 

usablo scarlet fever state 

local loan inspected 

tuberculosis keep roundworras 


Beoauac of the diuiKers wliicli may come from decayed or infected 

foods (1) , (2) and tlus (3) K0V(u-ninent3 all Imveapsrt 

in protecting us from the dangers coming f rom such foods, Slaugh- 

terhouHOH are (4) and sticdi memts as are infeeted with (6) 

fire condemned. Pork, howevesr, is not in-spocted for (6) , so 

all pork cf)iiMiinied aliould lie (7) (8) Stands where foods 

that spoil easily are sold are (9) by (10) boards of (11) , 

and many oomnnmitios roepure that such foods should be (12) 

Cold .storage and rajiid frcesiiig arc used to keep (13) foods 

fresh, but wo should remember tliat.sueh foods do not (14) well 

after cold storage and should be (15) at once. 


PROBLEM TESTS . 

Select the answers that will correctly complete the statement. 

1. Cattle and other animnl.s arc inspected before they ate 
slauglitored for meat beeaii.se : 

(a) It would be wrong to kill any sick animals because they 
should bo sent to a ho.spital until wall. 

(b) They might harbor flics. 
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(c) They might oontain trichina embedded in their flesh. 

(d) They noight be infected with tuberculosis germs. 

(e) They might get germs in the meat after the cattle were killed. 

Give your reason for the selection of your answer or answers. 

2. Stands containing unprotected fruit and vegetables are a menace 
to the health of a community because 

(a) The dust which gets on them from the street is dirty. 

(&) People who come to buy may handle them. 

(c) Disease germs might fall on them from an outside source. 

(i) Exposure to the air wiU cause them to spoil more rapidly. 

(e) All dirt contains disease germs. 

Give your reason for the selection of your answer or answers. 


PROBLEM IV. WHAT IS THE FEDERAL FOOD AND 
DRUGS ACT AND HOW DOES IT WORK? 

The Federal Food and Drugs Act. We have already 
seen that before Congress passed the Federal Food and 

Drugs Act in 1906 a great — 

many foods were adul- 50 

terated. This showed the dqe TABLETS 
need of protecting people soiliach 

againstadulteratodfoo*. 

It was also known that 

properly hilled nor were the dob^compant 

they properly cared for ~~ 

on the way to the con- 5Q 

sumer. Then, too, patent pQg TABLETS 

medicines were labeled in soaEAcs 

such a way as to make oF^wN/aS'DlwoMFoin ' in simple 

people think that such coLDsfMwoTuR achk^ 

LdUoinos oonld onie dis- 

other words, they were 

mislabeled and did not tell wh«t story is tow by these two i.h.is? 


What story Is told by these two Isbels? 
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what substances wei-e contained in the medicme. The 
Federal Food and Drugs Act has caused the makera of 
patent medicines at least to label these medicines so that 
we may Imow some poisons that are contained in them. 
While misrepresentations cannot be made by the labels 
the law has no control over newspaper and circular 
advertising. Compare the claims made in advertisiiig 
with those on the package to see if they agree. 

What Is Adulterated Food? The Federal Food and 
Drugs Act first of all defines what adulteration is. It says 
that adulteration is adding anything to food to cheapen 
it or to reduce or injure its quality j it is the taking away 
of any valuable part of food ; it is the mixing of colored 
or stained material with food to conceal damaged or 
inferior material ; it is the addition of poisonous materials 
or the use of any dec.ayed animal or vegetable substances 
unfit to eat. Adulteration then is a very large term 
under this act, which also provides for the punishment 
of anyone who is detected practicing any of these methods 
of cheating. 

How the Federal Food and Drugs Act Operates. Al- 
though Congress doubtless thought it had made good 
legislation in the case of the Federal Food and Drugs Act, 
the results are not satisfactory in all respects. The act 
has prevented the adulteration of foods where the civic 
authorities are active, but if the board of health of a town 
or city is not alert, foods kept in bulk may be adulterated 
by dishonest manufacturers or storekeepers. The act 
does make it necessary for the firm putting up the goods 
in containers to tell exactly what is in the container. 
For example, if your grocer keeps cheap jellies, jams, 
marmalades, or flavoring substances, you may find labels 
on the bottles or cams stating that artificial coloring, a 
preservative, and a certain amount of glucose are used. 
The Federal Food and Drugs Act exercises no control 
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over the sale of foods and medicines prepared in one 
state and sold in the same state. The law applies only 
to interstate commerce. The state laws apply to prepara- 
tions manufactured and sold in the state, and some states 
are very lax in this matter. Cheap candies are usually 
made of glucose and colored with cheap dyes, and their 
different flavors are made synthetically out of coal-tar 
products. There is also cheating at soda fountains 
where such substitute fruit flavorings are used. 

Some Common Adulterations. Many adulterations are 
met with every day and are not at all^ harmful. Oleo- 
margarine with coloring matter in it is sometimes 
unlawfully sold as butter. As a matter of fact, oleo- 
margarine is perfectly wholesome, as are also nut butter, 
nut ofls, cottonseed oil, and other substitutes for butter. 
Cottonseed oil is frequently an adulterant or substitute 
for the much more expensive olive oil. Molasses, honey, 
and maple sirup are often adulterated mth glucose or 
corn sirup. Com sirup is a good enough food, but it is 
much cheaper than the materials for whichxtis substituted 
and is- therefore an adulterant under ^ ^ 

grades of condensed milk may have sugar 
to take the place of foods which were removed from the 
milk Coffee, tea, and cocoa are 

bv the addition of such materials as cornstarch, old 

Sir A. 

of moots, ouA as iJlt 

“■“rfr Sppsd r sold m butohsr 

much of the cheaper c p^^ 

shops is so treated. bleach it may be retained. 

M white it may aot he powonoos 
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certainly is not improved by the addition of chemipj.]/ 
which bleach it. 

Some Harmful Preservatives. But more harmful in 
some respects is the use of preservatives. Pood preserved 
by means of heat or cold is good food, but if we add 
chemical substances to it in order to prevent bacteria 
already in it from causing further decay, then such 
preservatives become luinnful. Many foods contain 
under the Federal Food and Drugs Act, small quantity 
of alum, borax, benzoate of soda, benzoic acid, and 
certain sulphites. The quantititea used are probably 
harmless to any one taking a small amount of the sub- 
stance in question, yet they are not substances we wish 
to have added to food, as they may mean that such 
foods may have been close to the point of decay when 
they were put into the cans or bottles. Other pre- 
servatives which are .still sometimes used illegally are 
boric acid, salicylic acid, formaldehyde, and sulphur 
dioxide, which is allowed as bleaching agent for fruits 
but is often found in much greater amounts than the law 
pennits and so might be harmful. It pays to buy a good 
quality of canned goods and dried fruit, for then we are 
comparatively safe from harmful preservatives. 

Lack of Knowledge Decreases the Effectiveness of 
the Federal Food and Drugs Act. The Federal Food and 
Drugs Act permits the use of certain adulterants of foods 
and drugs, provided the adulterants are plainly named 
on the label of the container. But the majority of people 
are not sufficiently educated in these matters to be able 
to tell what is harmful and what is harmless. The only 
way for us to know how properly to make use of the 
Federal Food and Drugs Act is to get some reliable in- 
formation as to what constitutes harmful preservatives 
and also what materials are harmful in medicines. Then 
if we take the trouble to read the labels which the Federal 
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Food and Drugs Act causes to be placed on the containers, 
ws can sometimes avoid taking poisons into our body. 
There are, however, many drugs, some of which are 
poisons, which may be used in “patent medicines'’ 
without being named on the label. 

Patent Medicines and the Federal Food and Drugs 
Act. The American people are probably the greatest 
consumers of “patent medicines” of any people in the 
world, but we are gradually becoming educated through 
the working of the Federal Food and Drugs Act to 
realize that many patent medicines are harmful rather 
than beneficial. Medicines should not be taken except 
under the advice of a physician, for the human body is 
usually capable of curing itself when it is out of order. 
The chief advantage of the act with reference to patent 
medicines lies in the fact that the labels on the bottles 
must not teU untruths, as they have done frequently in 
the past, because the act prohibits fraudulent statements 
on the package or bottle. When a medicine is advertised 



Amounts of alcohol In some liquors and In some patsnt modiclnes. a, beer, 6%; 
6, claret. 8%; c, champagne, 9«,; d. whisky, BO?t; e, well-knowu sarsapa^ a, 
18% : /, ff, ft, mueh-advartised nerve tonics, 20%, 21%, 28% : i, another sarseparllla, 
27%: /,,« tonJct 28%; ft, 1. bitters, 87%, 84% alcohoL 
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to cure everything, it is evident that it is a fraud, gn h 
labels have been changed to substitute the word "rempHw'i 
for the word “cure.” ^ 

There are eleven drugs which must be declared on the 
label if present in the medicine. They are: alcohol 
morphine, opium, cocaine, heroin, alpha- and betj 
eucaine, chloroform, cannabis indica, chloral hydrate 
acetanilid. Other drugs, even some poisons, like areenie 
and strychnine, need not be disclosed under the present 
law. Hence it is not a very good law in its present form 
and changes are now being planned for it. 

Drugs and Their Dangers. Patent medicines might 
be divided into several groups, according to their com- 
position and uses. The most dangerous of them contain 
habit-forming drugs. Another type of patent medicine 
includes the so-called cough sirups which are used to 
soothe the suffering of people who have tuberculosis. 
Still another type of drug is said to cure people who 
have incurable diseases. Such drugs are usually sold to 
people in the last stages of disease, and most frequently 
these people are harmed in-stead of helped. Drugs are 
dangerous to use except in the hands of expert physi- 
cians. Last of all are the medical fakes, "cures” to make 
thin people fat and fat people thin, instruments to cure 
deafness, or to bring vitality back to weak or old people. 

Dangers from Headache Cures. Most headache cures 
are harmful and even dangerous. They usually contain 
phenacetin, acetanilid, chloral, morphine, or some other 
drug which depresses the heart, causing it to beat more 
slowly. They also deaden the sensation of pain. Such 
drugs do not cure headaches, and their use simply covers 
up the real cause of the trouble and rnnkea the user 
addicted to the drug. Moreover, if a person has a weak 
he.art, these drugs may slow down its action and possibly 
cause death. No one should use headache remedies with- 
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out first knowing what they contain nor should they be 
used except by advice of a physician because headaches are 
danger signals which show that the body is not working 

properly. r™ , . i. i. i. 

Habit-Forming Drugs. The basis of many patent 

medicines used as home remedies is alcohol. Some of these 
contain over 50 per cent of alcohol. In some parts of 
the country people have become drunk on patent medi- 
cines when they could not obtain hquor. Too often such 
medicines have been the cause of the formation of a habit 
of ta t-ing alcohol. The person taking the drug containing 
alcohol feels better temporarily because of the deadening ef- 
fect of the alcohol and 
wants more of the same 
drug. As a result, 
he soon becomes ad- 
dicted to the alcohol 
habit. Other habit- 
forming drugs contain 
opium, morphine, or 
heroin. The users of 
these may soon be- 
come dope fiends. 

Medical Fakes. 

Under such a head- 
ing would be placed 
the so-called cwe-aKs 
for incurable diseases, 
such as cancer cures, 

consumptive cures, ^ 

the obesity ernes, the 

cures for deafness and ^thout endangering one’s health? 

H. * w. BCi. n— 26 
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of such materials as cream of tartar and baking soda 
sweetened and colored pink. It is perfectly plain that 
such materials would not make a fat person thin 
Tuberculosis can be cured only by treatment and not 
by drugs. Cancer is curable only in its early stages 
and, so far as known, not by drugs at all. ’ 

False Use of Testimonials. One bad feature of the 
patent medicine industry is the use of the testimonial, 
People who take a drug often think they are cured by it 
when their pain is only deadened. So they write a testi- 
monial to the company saying they are cured, and it is 
printed far and wide in advertisements of the 
It has sometimes happened that such a statement appears 
in the same paper that contains a notice of the writer’s 
funeral. 

How to Make This Problem Benefit Us. We have 
already said that the chief reason why the Federal Food 
and Drugs Act is ineffective is because people do not have 
sufficient knowledge to understand it. Those of ua who 
have been fortunate enough to learn something of its 
applications can easily learn more by working up a 
project on some interesting phase of this unit. The 
American Medical Association has published many 
pamphlets on medical frauds which will suggest material 
for several interesting reports before the class. Leant 
if you can, from your druggist or physician, other pre- 
pared medicines which conttiin harmful or poisonous 
drugs not indicated by the label. It is only by en- 
lightening many people that we can finally create public 
sentiment which will result in new laws which will better 
protect the people of this country against harmful drugs. 

SELF-TESTING EXERCISE 

Select from the folloioing list of loords those which best fill the hhnk 
spaces in the sentences below and arrange them in ' proper numened 
order. A word may be used more titan once. 
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within 

inside 

state 

country 

partially 

entirely 

cures 

adulteration 

patent 

medicine 

harmless 

harmful 

statements 

protects 

drugs 

deadly 

newspapers 

poisons 

between 

magazines 

outside 

cosmetics 

alcohol 

(ducose 


The Federal Food and Drugs Act is not a perfect law because 

it only (1) (2) us against the evils it is supposed to cure. 

It says that the labels must tell the truth about (3) and must 

name certain (4) (6) used in the composition of (6) 

medicines. But it does not mention a number of (7) (8) 

which may still be used, nor does it prevent (9) or (10) 

from making false (11) concerning medical fakes and frauds. 

In addition the law only works (12) states, for almost any 

adulteration may be made and sold (13) a given state if it is 

not sold (14) that (16) and still be within the law. 

PROBLEM TEST 

John does not feel well ; he does not know what is causing his 
illness, but he wants to get well quickly so that he can take part 
in a coming track meet. What should he do? 

' Check the following atatement or statements that best answer the 
question. 

He should follow the advice of a friend and take some medicine 
which will act as a tonic. 

He should not do anything. 

He should see his family physician and follow his advice. 

Check the following reasons for yow answer or answers. 

Trip friend was helped by taking ’s Bitters, so he should also. 

He will get well eventually, so why worry. 

His family physician is a good friend and needs to make a living. 

A physician is trained ,to recognize symptoms of disease and there- 
fore should be able to help him to get well. 

PROBLEM V. ARE TOBACCO AND ALCOHOL REALLY 

HARMFUL? 

What Is the Truth about Stimulants and Narcotics? 
We hear a good deal nowadays about the dangers from 
alcohol, especially in this age of automobiles, and old 
people, although they may smoke themselves, are 
constantly advising young people not to use tobacco. 
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As members of the science class, let us apply the method 
of science to this question, and see, first of all, what these 
substances are and then find out what they do to the 
human body. 

What Are Stimulants? In our study of patent medi- 
cines, we have seen the words “ stimulant ” and “ narootio ” 
used. What arc these substances? We have already 
learned that food is everything which gives energy to the 
body or helps to build it up. Other substances that we 
take into the body, such as tea or coffee, are not taken 
as foods, but as mild stimulants or bracers. They act 
on the nervous system, causing a feeling of mental 
exhilaration. They brace us for a time by their stimu- 
lating effect, but when this effect wears off, they leave us 
more tired than before. They are also habit forming. 
A person can become a coffee or tea addict just as he can 
become a drug addict. While tea or coffee rarely does 
much harm to adults if used in moderation, we often find, 
that they are harmful to younger people, especially if 
taken strong. 

Narcotics Are Dangerous. Of far more danger are 
the drugs we call narcotics. A narcotic is a substance 
which “blunts the senses, directly induces sleep, and 
in large amounts produces complete insensibility.” This, 
you say, does not agree with anything you are familiar 
with. But many of you have known of the experience 
of boys or girls who smoke for the first time. They 
become pale, giddy, and sick at the stomach. This 
indicates the effect of a poison in the tobacco known as 
nicotine. Pure nicotine is a deadly poison, as those of us 
know who have used it to spray rosebushes to kill off the 
aphids on them. Put just one drop of black leaf 40 (a nico- 
tine poison) into a jar of water containing a small live fish 
and see what happens. Since tobacco leaves contain from 
2 per cent to 9 per cent of this poison, it is easy to see 



ABE TOBACCO AND ALCOHOL REALLY HARMFUL? 389 


why the first effect of smoking is so unpleasant. Unfor- 
tunately smoking also becomes a habit. Like some other 
narcotic drugs, it has at first a slight stimulating effect, 
and as the system becomes accustomed to the drug, 
we get a craving for the drug which is difficult to break, 
as those who have tried to break off smoking can testify. 



- ■ ■ ■■ ■ ■ - — ^ ■ 

If you can UU insects with nicotine, why use it on yourself ? 


Some Reasons for Not Smoking. Smoking for young 
people has little to recommend it and a good deal against 
it. It is an expensive habit, for you simply burn up 
money. It does harm to most people, some get a 
“tobacco heart,” others a “s^^o^er's throat and stffi 
others may develop severe indigestion, athletes are 
discouraged from smoking by coaches who have seen too 
many races lost by shortness of wind. Two colleges, 
at lelst, have found that students who do 
have gained in weight, height, lung capacity, and size 

of chest over the smokers in 
apparently is a handicap, so why get the 

LoholaNarcoticPoison. Of far more danger thannieo- 

tine is alcohol because of its effects on the nervous system. 
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Alcohol used to be 
considered a stimu- 
lant because people 
who took it thought 
they felt stimulated 
by a drink or two. 
But what really hap- 
pens, as we know 
now, is that the nerv- 
ous system is dead- 
ened a little so that 
our judgment and good sense are lost for the time 
being. This is where the danger comes. A great many 
experiments have been made with people who were 
given small quantities of alcohol on one day and none 
on another day, and were given mental work requir- 
ing concentration and attention. There was always a 
loss in attention on the alcohol days. An eiqierimenter 
in Switzerland gave a group of ten pupils a very small 
amount of alcohol each day and compared their work in 
mental arithmetic with another group of like ability 
which was not given any alcohol. The work of the al- 
cohol group for the first few minutes was from 2 per cent 
to 5 per cent better, but after one hour their work was 
4.5 per cent poorer, after two hours 10.9 per cent poorer, 


' — 

AljCOHOL AND MENTAL 
A-KITHMETIC. 

jev mintetes after rT 
alcahoL ■vas 

after one. hour 

ctfLei' to* hours 

ofter three hours 
tetter 

~M3rk toSH^ loettar 

3 -^rlc 4.5X poorar 

iissaJ -wSrk 10.9X poorer 

I ^ *5% poonsr 

^n5£ 


MQBt experiments Ulce this give similar results. 



WUat do you think these figures mean? 
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and after three hours they were 12.5 per cent behind the 
other group. Still another experiment showed that as 
little as f of a tablespoonful of alcohol decreased clear- 
ness of vision. Experiments also show slower reactions 
to stimuli and loss of muscular co-ordination. 

Alcohol and the Car. All these experiments point to 
a reason for the increasing toll of automobile accidents 
since the repeal of the eighteenth amendment. Driving an 
auto requires concentration, clearness of judgment, and 
quickness of decision. All these are natural to young 
people. They react much quicker than do older people 
and as a rule make better drivers than their elders. 
But if befuddled and slowed down by the narcotic action 
of alcohol, they lose this control they would normally 
have, with the result that more accidents occur now than 
did a few years ago. As one writer says, “The margin 
between safe driving and unsafe driving is too narrow 
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to permit drinking.” In England one of the rules in 
a safety pledge now being circulated reads : “To drive 
only when in full po-ssession of my faculties.” As one 
physician has well said, “Those of us who are motorists 
know how much safer road.s are when they are dry 
We want to put it to you, how much safer the roads 
will be when drivers arc dry too.” 

Alcohol and Athletics. Boys and girls who are iuteN 
ested in athletics know that alcohol and athletics do 
not go well together. Coach Knute Rockne, as director 
of athletics in Notre Dame University, absolutely pro- 
hibited the use of alcohol to the players of his tpami, 
And you remember that his football teams had a record 
of 70 games won, 6 lost, and 2 tied up to the tima of his 
death. Another much-loved coach is A. A. Stagg. 
He says : “As a coach I do not believe, and none of the 
coaches who train men believe, in the use of alcoholic 
beverages.” Helen Wills says that in playing tennis, 
one glass of beer is enough to make a difference in one’s 
eye, co-ordination, and balance. Nurmi, the great 


NotvAWcaliMn 71«]b 


Contestants Entering Match 



nv NomAlMaliMn 40« 


Percentage of Prizes Won 
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distance runner, never took alcohol before his first visit 
to America and was a winner. But after that first visit 
he began to drink in moderation, and soon began to 
be defeated. Tilden, Tunney, Jack Dempsey, Annette 
Kellerman, and scores of other athletes have added their 
testimony on the harm of drinking in athletics, 

Alcohol and Health. Young people are not much 
interested in the question of long life or old age, but it is 
worth looking into a few facts about what alcohol may 
do to the body organs. It may take a long time to ruin 
a good machine, but sooner or later the human machinp. 
wiU break down under the influence of alcohol. It irri- 
tates the digestive organs and may cause a disease known 
as liver cirrhosis. It hardens the arteries before their 
time and weakens the heart. It breaks down the natural 
resistance of the body against infectious diseases and 
greatly increases the danger from accidents, and it 
damages nervoris tissue so that insanity or other nervous 
diseases may result. And worst of all, it seems to affect 
the children bom of alcoholic parents so that they come 
into the world handicapped. 


SELF-TESTING EXERCISE 


Select from the following list of words those which best fill the bla,nk 
spaces in the sentences below and arrange them in proper numerical 
order. A word may be used more than once. 


insensibility 

■wine 

9 per cent 
help 
coffee 
whip 


stronger 

time 

8 per cent 
well-being 
narcotic 
sleep 


stimulates 

beer 

senses 

alcohol 

whisky 

4 per cent 


tobacco 

tired 

stimulants 

vegetable 

mineral 

weaker 


A stimulant gives one a feeling of (1) and makes him feel 

(2) for a (3) hut soon acts as a (4) to a (6) 

We cannot run long on (6) Tea and (7)__ are both mild 

stimulants. A narootio induces (8) , blunts the (9) -t ana 

in largo amounts produces complete (10) Nicotine, found 
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ia (1 1) in aaiounts varying from 2 per cent to (12)_ m,j 

(13) , found in beer, wine, and distilled liquors, are both 

(14) poisons. 


ESSAY TEST 

Jack Givks Advice to Athletes 

Read careJuUy and critically. List all the errors and sujfai 
correclionH. 

After reading tlio problem and looking up the subject of alcohol 
and narcotics, I am sure tliat two things athletes need to leave 
alone are tobacco and narcotics. I can’t remember all the experi- 
ments quoted, but I know from iny own experience that you ean’t 
run and smoke cigarettes. They certainly spoil your wind and 
make you disxy. It gave me a “ smoker’s cough ” but did not 
spoil my chances to win the 100 yard dash last spring. 

As for alcohol, I haven’t had any experience with that, but from 
what the coaches say, I think it’s about the last thing an atUete 
should fool with. I think a lot of A. A. Stagg, the ex-Chicago 
conch. If ho and Kmite llockno forbid any alcohol to membera 
of their teams, I guess that is reason enough for me to leave it 
alone. No self -respecting sport would take anything that would 
make him a liability instead of an asset to his school team. 


♦ ►— 


THE REVIEW SUMMARY 

In preparing a sunimary of what you have found out in this 
unit, you will want to place omphasis on the big ideas which have 
come from the applications of the facts you have learned and the 
demonstrations you have seen. Doubtless you have done some 
additional reading which has helped you put together some of the 
facts into generalizations or fundamental underlying principlee, 
For this unit some of these generaiizations are : 

1. Public food supplies need to be protected because they may 
spread disease. 

2. Milic, our best food, needs especial care in handling. 

3. Disease carriers are a menace to health. 

4. The Federal Food and Drugs Act protects us but should be 
improved. 
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5. More education is needed with, reference to the harmfulness 
of patent medicines and alcohol. 

Before making your review summary for your workbook, test 
your knowledge of the facts of the unit by checking over the text 
so as to be sure you know the facts underlying the science principles 
or generalizations. Then using this material and everything you 
have read, seen, or done yourself, make your summary outline. 
This outline you may use when you make a recitation. 


TEST ON FUNDAMENTAL CONCEPTS 

In a vertical column under ike heading connEcr vyrile numbers 
of all statements you believe are true. In another column under 
INCOBHECT write numbers of the false statements. Your grade = 
right answers X 2^. 

I. Food supplies should he protected because; (1) they are 
good to eat; (2) epidemics are often spread through infected 
foods ; (3) disease germs are present almost everywhere ; (4) han- 
dlers are often carriers of disease. 

II. Epidemics of infectious diseases: (5) are sometimes caused 
by eating well-cooked fruit; (6) may be spread by carriers; 
(7) might be spread by means of dirty raw vegetables ; (8) might 
be caused by spraying fruits or vegetables with poisons. 

III. Epidemics may be prevented by: (9) safeguarding milk, 
water, and other food supplies from harmful germs ; (10) not eating 
an 3 'thing except cooked foods, for they do not contain germs; 
(11) exercising each day in the open air so as to keep the bodily 
resistance high ; (12) making laws that protect us. 

IV. Carriers are a menace because: (13) we do not always 
know them and so they may spread disease without meaning to 
do so ; (14) no laws adequately protect us from them ; (16) they 
carry disease germs ; (16) they are always sick. 

V. Milk: (17) is dways pure wheu it comes from the cow; 
(IS) will not sour if it is pasteurized; (19) never contains disease 
germs, as these are always introduced from the outside ; (20) is 
dangerous if it comes from dirty cows. 

VI. Food supplies may be protected : (21) by keeping perishable 
foods in cold storage ; (22) by covering fresh fruits, vegetables, 
etc., from dust and flies; (23) by having an efficient food inspec- 
tion ; (24) by floating oysters in dilute sewage. 

' VII. Harmful germs may he prevented from entering the body : 
(26) by drinking six glasses of water every day ; (26) by having 
regular hours for going to the toilet ; (27) by exercising regularly^. 
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each day in the open air ; (28) by taking care to keep the finmiK 
out of the mouth. 

VIII. The Federal Food and Drugs Act is valuable because' 
(29) it defines adulteration ; (30) it provides for the inspeotion 
of food supplies; (31) it keeps down the price of canned goods 
by allowing harmless adulterants to be used; (32) it requires 
foods containing adulterants or coloring matter to be so labeled 

IX. It is the place of the community to protect the health of Its 
citizens by: (33) having supervision over common supplies such 
as milk and water ; (34) requiring all sick people to consult the 
city physician ; (35) having high taxes in order to have up-to-date 
street cleaning and garbage disposal; (36) having an effloient 
board of health. 

X. Patent medicines: (37) are often harmful because they 
contain habit-forming drugs; (38) often contain poisons not 
mentioned on the label ; (39) can always be used with safety if 
one reads the label carefully; (40) always contain alcohol. 


PRACTICAL PROBLEMS 

1. Constance has a bad cough which has “hung on “ for several 
weeks. She goes to her local druggist for help. He tells her to 
try a bottle of Dr. Fakcm’s Cough Cure, which contains 20 per cent 
alcohol and several habit-forming drugs. What should the drug- 
gist have done, and what should Constance have done in the Eiet 
place? Why? 

2. Mary is fifteen pounds underweight. What should she do 
to gain her normnl weight 7 

3. Clara weighs ten. pounds more than normal and wants to 
use Madam Slimjim's Reducer. Should she do this? Cun you 
make suggestions for her daily lifo and for her dietary? 


INTERESTING THINGS TO DO, READ ABOUT, OR SEE 

1. If you live in a oommunity that is near the coast, try to 
find out all the ways in which you are protected from shellfish 
which might be unfit to eat. 

2. Go to the board of health and make a graph or get material 
which will aid you in making a graph to show the outbreak of an 
epidemic in your own oommunity. 

3. Look up the Federal Food and Drugs Act and make a report 
on it for tho science class. 

4. See how many school coaches you can interview so as to get 
their opinions on the use of tobacco and alcohol by athletes, 
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5. Inspect a local dairy, using the score card given below. 

CITY MUX DEPOT SCORE CARD 


No bam witbin 600 ft. . . . 
No open privies -withia 500 ft. 
Locality insanitary — deduct 2.6 

Separate building 

Fart of residence .... 

Grocery dairy 

Cellar dairy 

No other business done . . 
Salesroom separate . . . 

Floor, cement 

tight boards 

dirt 

Walls cemented or painted . 
whitewa^d .... 
papered ...... 

Lighting good 

natural or eleotrioity . . 

gas 

Ventilation good .... 
Screens good ..... 

broken 

none 

Maohinery : 

bottler and can washer . < 
milk cooler . . . ■ • 

bottling machine . . . 
capping machine ■ . 
pasteuriser ..... 
cold-storage plant . . . 

autoclave 

Water, purity known . . 
Wash basin provided . . 
Individual towels .... 
Total score (maximum 60) . 


Clean yard ! 

Cleon utensils I 

Clean floor 

Clean windows 

Clean walls 

Clean ceiling 

Flies, none 

few 

swarms . . . deduct 10 

Utensils 

sterilised in autoolavo . . 
sterilised by steam . . . 

sterilised tank hot water . . 

scrubbed 

only rinsed 

Milk kept covered .... 
pasteurised in bulk . . . 

pasteurised in bottles . . 
Kept 46“ F. or below . . . 

46“ P. to 60“ 

60“ to 60° 

60“ to 70“ . . deduct 5 

above 70“ . . . deduct 10 
delivered ice cold .... 
thennometer used .... 
cooler kept covered ... 

Men clean, healthy _ .... 
sterilised duck suits . . . 

clean dustless clothes . . . 

hands clean 

no spitting on floor . . . 


Total score (maximum 60) 


Full credits given, or none 

How high does your dairy score? It should rate over 40 to be 

Try to find out what the laws are in your own community 
and state with reference to pasteurization of milk. Does your 

■“? pi.» 

letin board. 
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9. Prepare or collect and exhibit on the bulletin board a number 
of poster slogans as : "Beware of the little White Slaver’’ ; "Alcohol 
makes hard work harder ’’ ; “ Dr. Fixem’s pills will fix you for keeps " 
or any that you can supply. ' 

10. Using the table below, make a survey of several stores in 
your locality to see how near to the ideal these stores are. 
the report for your workbook. Do not use names — call them 
store A, B, C, etc. 

5 . CARE OP POOD.g IN A STORE 


l^FT ClOBUU 
UNDEU GlAHH 

SllIEIiDHD 
yllo^f Fmeh, 
Duht. and 
Hands 

In TU13 

HlslFlUQERATOIl 

Elevatbd 

12 Inoqbb 

ADOVD FlOOH 

Mat Bb !^ipt 
ON Floor 

bread 

berries 

butter 

artiohoko 

canned goods 

cakoa 

celery 

cottage cheese 

cabbages 

carrots 

ciindy 

ohorrios 

nream 

cantaloupe 

oueumbeiB 

checBO 

dates 

dried ourrunts 

cauliflower 

nuts (whole) 

crackers 

figs 

ogga 

cranborrioB 

onions 

dried fruits 

grapes 

fresh fish 

grapefruit 

peas 

dried meats 

lettuoo 

fresh meats 

lemons 

potatoes 

opened fruits 

poaches 

milk 

oranges 

pumpkins 

pastry 

pears 

mincemeat 

pickled food 

squash 

Bholiod nuts 

plums 

(fresh) 

spinach 

turnips 

watermelon 

(out) 

prunes 

radishes 

raisins 

oysters 

string benns 

watermelon 


11. Using the list of foods given above, report on the conditions 
in the stores that you patronize. How many of the above foods 
are piopoiiy cared for ? 

12. What arc the food and drugs laws in your state? Are they 
well enforced ? Make a report to the class on your findings. 

13. Find out from your driiggi.st what poisonous drii^ may be 
put into patent medicines without the public being the wiser. 
Look up in the referenoo given at the end of the unit for information 
on this subject. 

14. Study the labels of patent medicines in a drug store. What 
diseases do they claim to cure ? Ask your family physician about 
their claims. Collect newspaper advertisements of medicines 
and compare the claims made in these advertisements with those 
on the labels. Look through current copies of the magazine 
“Hygeia ’’ for articles on patent medicines. 

15. Score up your community, or at least that part in which 
you live, with roforenoe to the points suggested in the score card 
on the community' care of food wliioh is given on the opposite page. 
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SCORE CARD. COMMUNITY CARE OF FOOD 



1 

g 

'OTAL 
COBE £ 

Mt 

COBB 

MILIC 

INBFIDCTION 

Milk inspected at farm whore produced (2) 

Milk inspected in transit to city (2) 

Milk inspected in bottling oetablishmcnt (2) 
Milk inspected at point of sale (2) 

Tuberevilar tested cows furnish all of supply (8) 
Laws with reference to typhoid oarriera en- 
forced (6) , , , 

Grading of milk sold based on standard oi 
Amorioan Medical Association and sold as 
graded ; all milk below grade "A" paateur- 
ized : no dipped milk sold (0) 



FOOD 

IMBPnOTlON 

Regular inapectlon of slaughterhousoa and 
meats (6) 

Regular inspection of cold-storage plants (2) 
No cold-storage goods unfit for public use 

' (3) 

AU bakeries regularly inspected (d) 

Modem baking plant in oommunity (1) 

Foods in store kept acoording to schedule 
(3) 

All foods on push-carts covered (3) 

Butoher shops inspected regularly and froe 
from fliee and offal (5) . j j 

phnllfi.il and fish supplies safeguarded and 

inspected (6) , . , j. 

All persons handling foods free from disoase, 
restaurants clean and inviting (5) , . , 

Soda fountains, individual and sanitary drma- 

ing oups (S) , ... 

Regular inspection of weights ond measures (6) 

45 

' 

PUBB FOOD 
AND dhtjgb Acn 

No adulterated candy Sold (5), some (2), 

No medical fakes sold (10) , some (4) , 

No headache cures sold without prescription 
(10). some (4), many (0) 

25 



TOTAL 

IQO 

— 


16. IaT»ti8.teaerabie.lofpuisfoodsi.yout»mmuml!r««i 

.1 a. "p.tebt medWne " dtuatio. « y.« 
up a. .ubl»t 

a report in olass upon several specific items. 
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SCIENCE FOR LEISURE TIME 

1. Experiment. To Test Jelly, Jam, or Ice Cream fos 

Glucose and Starch " 

Materials. Samples to be tested, test tubes, Fehling’s solution' 
iodine solution, funnel, and filter paper, ’ 

Method. Add a teaspoonful of the sample to a test tube half 
full of water and heat. Filter. To one half the filtrate add 5 o o 
Fehling’s solution and boil. A red precipitate indicates the pr» 
once of glucose. To the remainder of the filtrate add a drop or 
two of iodine solution. A blue or blue-black color indicates starch 

Besull. Do any of the foods tested contain glucose or starch? 

2. Experiment. To Test Cheap Candies and Jam job 

Artificial Coloring 

Materiala. Brightly colored candies, cheap jams, evaporating 
dish, white woolen yarn. 

Method. Mix a tableepoonful of jam or a piece of colored candy 
in an evaporating dish half full of boiling water. Put into this a 
piece of white woolen yarn and boil for ten minutes. Then remove 
and wash the yarn in hot water. A bright color left on the yarn 
indicates artificial dyes. 

Result. What substances tested were colored with artificial 
dyes? 

3. Exhibit of Colors from Candies and Jamb 

Make various pieces of clothing for a small doll out of white 
silk and white wool. Dye each separate piece a different oolor, 
Obtain colors from bright-colored cheap candies, jams, and coIop 
ing for oleomargarine. Mix the material — jam or candy — with 
a small quantity of water and bring to the boiling point. Stop 
boiling and put in the cloth. Stir it and keep it hot for 10 minutes, 
Then rinso in warm water and dry. If you make different colors 
for skirt, waist, hat, stockings, and shoes, you will have a very 
interesting exhibit to show your Mends. 

4. False Claims for Patent Medicines 

Make a collection of newspaper and circular advertisements of 
patent medicines. Collect from your friends labels taken from 
patent medicine bottles. Match up advertisements and label 
for the same medicine as far as possible. Are the same claims 
made on both? If not, can you explain why? Which makes the 
stronger claim, the advertisomont or the label? 

^ Fchling’s solution, made by dissolving 0.2 gm. copper sulphate, 3.6 gm. 
llochcllo salts, and 2 gm. potassium hydroxide in 100 o.o. of watm. 
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SCIENCE CLUB ACTIVITIES 

1. Stage a debate. Resolved: That the Goveriiinent should 
cease to exercise control over foods and drugs sent from one state 
to another, but leave to each state the entire control of foods and 
drugs within that state. 

2. Visit a market garden in your locality and report to the club 
on the methods used in fertilizing, watering, picking, and marketing 
the vegetables. 

3. If possible, have members of the club score several different 
dairies with the card found on page 397, and tlien get some member 
of the board of health to discuss your findings with you. 

4. Plan and carry out a sanitary survey by as large a number 
of club members as possible. Make a map of the block or part 
of the town in which you live. Show all the buildings, stores, 
factories, etc. Indicate any cases of communicable dise-ase with 
a Q (quarantine). Indicate all heaps of refuse, all uncovered 
garbage pails, any street stands or push carts whicli sell uncovered 
fruit, and any unsanitary stores. What is your opinion of sanitary 
conditions in your immediate environment? A sanitary survey 
of this sort made by a large number of students may be of great 
value, as it will show that some parts of n city are well protected 
and others are not. 

5. Visit a local slaughterhouse and find out to what extent 
your locality is protected against bad meat. 

6. Study the labels of jellies, jams, preserves, etc., and note 
those which use artifioial coloring, preservatives, or glucose. What 
per cent of the total of canned foods observed show adulteration 
as defined by the Federal Food and Drugs Act? Make this a club 
activity, using as many different stores as possible. Make a 
summary for a chart to be put on the bulletin board. Do , not use 
names of stores, but designate them as store A, B, C, etc. 

REFERENCE READING 
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430-453 ; headache cures, pages 494-612. Vol. II. ^ Consumption 
cures, pages 18-55; cough medicines, pages 109-136; nostrums, 
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Buhvei’ Questions 

How many superstitions do you 
know about disease ? 

Do you believe everything you read 
about the value of patent medi- 
cine 7 

Do you know what it means to be 
immune from a disease ? 

Can people get immunity from dis- 
eases by other than natural 
means ? 

Do you know why some people are 
quarantined during Illness ? 

What responsibility have you toward 
others If you have a “catching” 
disease? 
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UNIT XIV 


HOW THE COMMUNITY LOOKS AFTER 
THE HEALTH OF ITS CITIZENS 

PREVIEW 

The word disease means not having ease. It is opposed 
to the word health, which comes from an old English word 
meaning whole and sound. There are several groups of 
diseases. Probably one half of the deaths of the world 
are brought about by diseases which are caused by 
bacteria. Many of these deaths, with knowledge and 
care, could have been prevented. Many deaths result 
from industrial poisons, such as arsenic, mercury, and 
lead. Still others come from lack of proper foods, and 
are called deficiency diseases. There are a great number 
of old people who die from the breakdown of various 
parts of the body. The heart or arteries are overstrained, 
become weak, and finally can no longer function. Other 
body organs do the same ; these are degenerative dis- 
eases. Then there are some diseases of unknown origin. 
The worst enemy of the latter type at present is cancer. 

Our knowledge of the cause of diseases and the scientific 
methods of fighting them are comparatively recent. 
The days of the witch doctor are over in most parts of 
the world, although some tribes and some backward 
communities still have their medicine men. It was not 
so many years ago that doctors used incantations over 
their patients, gave them medicines made from herbs, 
or tried to get rid of disease by bleeding the patient. 
The death of Y^ashington was hastened by the process of 
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blood letting. Chinese doctors today sell dried turtlfis 
toads, and other finiinals to the believing public. The 

patent medicines of today 
rely largely on mystery 
for their effectiveness. 

A knowledge of what 
science is doing to pre- 
vent disease diould be 
learned and used in our 
daily lives. Why is so 
much money spent for, 
hospitals, in research 
laboratories, and by or- 
ganizations such as the 
Rockefeller Foundation? 
Why do we fight flies and 
mosquitoes? Why do we 
protect our water and 
foods ? This unit will ud 
us in finding out some of 
these things. 

The doctors of the future will show us how to keep well 
rather than how to get well after having a disease. Our 
present-day knowledge is so much greater than it was 
a few decades ago that now we know what to do for 
most of the common forms of illness, and, what is more 
important, we know how to keep from getting ill. The 
trouble is that many of us, as individuals, will not act 
according to the knowledge we now have. People are 
careless of their own health and still more careless of 
the health of others. They have diseases that are catdi- 
ing, and yet they are not willing to give up their freedom 
in order to protect other people from getting the disease. 
Some of us want to know about disease or about 
our own physical defects when they are pointed, out to 



Devil dancers of Tibet. Such' dancers are 
supposed to frighten away evil spirits. 


RULES FOR HEALTH 
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US, and some in this enlightened age still disbelieve 
the presence of germs and the harm that they do. 
To keep well, two things are necessary ; first, we should 
have enough knowledge about disease to avoid unneces- 
sary exposure to contagious diseases; and secondly, 
we should be willing to make the matter of personal 
health of so much importance that we will take the time 
and use the money necessary to keep well. We should 
know ourselves. We should be willing to go to our 
family physician and learn of the various tests and other 
means by which we can protect ourselves against infec- 
tious ^ diseases. Our teachers, in the study of certain 
units in this book, will help us with reference to matters 
of weight, diet, and daily health habits. 



Before you begin a serious study of this unit, think 
back and see what science principles and big 
can recollect from last year’s science work. You may 

1 infectious (In-fSk'sh^s) : catching, commumcable, germ seaae. 
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remember that we studied about the human TTinf>Ti jT|Q 
how to care for it. There were a few very important 
things learned then that will be most useful to buUd on 
now as a foundation of science. These are the following: 

Science Pbinciples 

1. The human body is built up of cells, tiny units of 
living matter. 

2. Work is done in the cells. 

3. The body grows by increases in the number of cells. 

4. The skin protects the body cells and is a heat- 
regulating organ. 

5. Movement is brought about by the interaction of 
muscles and bones. 

6. Digestion makes food soluble so that it can be used 
by the cells . 

7. The nervous system controls the body. 

You may think of others, but these above are directly 
concerned with the contents of this unit. 

PROBLEM I. WHY SHOULD THE COMMUNITY LOOK 
AFTER OUR HEALTH? 

Some Reasons Why People Need Protection. Scien- 
tists know that owing to bad working of an inadequate 
Food and Drugs Act, the propaganda of advertising, and 
the fact that most people are naturally careless about 
what they put into their stomachs, many people die before 
they should and a much larger number are made to suffer 
from ailments which could easily be avoided. There is 
no doubt that people are careless about foods, drinks, 
and drugs. Much of this carelessness is due to a belief 
that if an advertisement states something about a food 
or a tooth paste or a patent medicine it states the 
truth. Unfortunately this is not so, for there is no law 




Do you believe every thing you rend? 


to prevent the most fraudulent kind of propaganda 
getting into advertisements. People are credulous and 
believe -what they see in print. One thing our science 
should do for us is to make us realize that unless we know 
the facts and can get them from reliable sources or by 
experiment we should be auspicious of printed statements 
we see in advertisements. 

We Need Protection against Ourselves. But we not 
only need to be protected against our ignorance and 
credulity, we also need to be protected against ourselves. 
Some savages still have their medicine men and believe 
in them. Civilized people do not have medicine men, 
but they worship instead the patent medicine. When we 
realize the amount of money that is spent annually on 
really harmful medicines, mouth washes, hair restorers or 
removers, skin bleaches, and the many other devices of 
the patent medicine industry, we can realize how much 
we need new laws that will better control the sale and 
use of harmful drugs. 

We Are Superstitious instead of Scientific. Recent 
studies of high school boys and girls have shown that 
with aU the opportunities they have had for learning 
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the truth very many of them still have superstitions. 
Some of them believe in hunches, in the rabbit’s foot, or in 
touching wood. They won’t sit down thirteen at a table 

or pass under a ladder. 
They still believe that 
horsehairs turn into 
snakes and that toads 
give us warts. When it 
comes to the matter of 
health knowledge, they 
show equal lack of think- 
ing. They do not stay 
away from companions 
who have contagious dis- 
eases because they do 
not believe in germs, or 
What restilted from the failure of this they will take a chance 
doctor to aoarantoe^^Billie'B caae of the disease 

because “after all, you’ve 
got to have it sometime.’’ Such people are as bad 
as tho.se who arc supenstitious. 

We Are Selfish instead of Co-operative. But in 
another way we need to be controlled. Everybody is 
more or less selfish. We do not always consider the 
other fellow. Wliich is easier, to allow WiUie to go to 
school when he has a bad cold or to keep him at home 
until he is well, thus preventing other children from 
taking that cold? Or let us be personal. Suppose 
you have a alight cold and a headache. You want to go 
to school for you do not feel really sick. You go to school, 
and later come down with the measles. Think how 
many of your classmates were exposed to this disease and 
how many days of acliool absence you may have caused. 
Perhaps some of your be.st friends may have caught 
the disease and become very sick. No, we cannot afford 
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to be selfish and we ought always to submit cheerfully to 
any quarantine imposed upon us for the sake of the other 
fellow. Here is where the conammiity needs to step in. 
If a person is too selfish or too ignorant to obey quaran- 
tine laws, then the community has a right to protect the 
other citizens from his carelessness. If, for example, 
a person does not believe in vaccination against smallpox 
and has the disease, then the community has a right to 
isolate this person from others to whom he might give the 
disease. 

Some Facts about Smallpox. That such people exist 
today is proved by the figures on smallpox in the United 
States. Some states are rigid in their use of vaccination 
against smallpox and others do not have such strict laws. 
Such states are, for example, New Jersey, which has laws 
which require the vaccination of school children, and 
California, which does not have such a practice. During 
a period from 1924 
to 1928 the average 
rate of smallpox per 
100,000 in children 
from 10 to 14 years 
was 3.6 in New 
Jersey, while in Cali- 
fornia during the 
same period for the 
same age group it 
varied from 376.3 to 
44.5 per 100,000. Or 
take some other sta/- 
tistics. In 1931 the 

prevailing- smallpox in wUch states vrasTacdnaBon enforced? 

rate was less than .5 

per 100,000 in Massachusetts and New Jersey, states 
having good laws regarding vaccination, and there were 
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133 and 107 per 100,000 in Kansas and South Dakota, 
states which did not take such care of their citizens. In 
1931, although there were only 20,004 cases of smallpox 
reported from 43 states, 80 per cent of these cases came 
from a group of 19 states situated chiefly in the north 
central and western parts of the country. This same 
story might be repeated for other contagious diseases and 
shows that a community or state which takes proper cam 
of its citizens through the enforcement of laws which re- 
quire the early reporting of contagious diseases, quaran- 
tine and vaccination or inoculation against disease will 
reduce the amount of disease. Public health may be 
purchased, but only by co-operation of citizens, young 
as well as old, with the health authorities. Just how we 
protect ourseive.s from disease will be shown in the prob- 
lems which follow. 


SELF-TESTING EXERCISE 


Select from the folhnmng U»l of words those which best fill the Uavk 
spaces in the sentences hdaw anti arrange them in proper numericoJ 
order. A word may bo used more than once. 


contagious 

Bolfish 

patent 

drugs 

rights 

quarantine 


diflOftso 

unselfisli 

good 

untrue 

medicines 

useful 


superstitious 

laws 

licaltli 

sciuntifio 

protection 

truth 


surgery 

advertisementa 

vnccinatioa 

harmful 

religious 

doctors 


Many people believe everything they road in (1) about 

(2) (3) and nostrums, ))ut such statements are often 

(4) or tell only part of the (5) As a nation we spend 

much money on (C) (7) and cosmetics. People are alM 

(8) and fail to recognize the value of scientific knowledge in 

combating (9) As a rule people are also (10) and fail 

to consider the (11) of others when they do not obaerve 

(12) in casoB of contagious discnsc. Wo need better (1®)— - 

and more adequate (14) against tho ignorant or ill-informed 

persons who do not bclievo that (15) diseases may be combated 

by modern methods such as (IG) against smaUpox. 
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PROBLEM TEST 

Smallpox is found everywhere and is not dependent upon climate, 
soil, sanitary conditions, or races of people. Account for the fol- 
lowing figures taken from health statistics for the year 1931. 

Smallpox showed the following average in the states mentioned 
below for the year 1931. 


Arkansas 

California 

Kansas 

Maine Less than 

Massachusetts Less than 

New Hampshire 

Pennsylvania Less than 

South Dakota 

Vermont 


40 cases per 100,000 
25 cases per 100,000 
133 cases per 100,000 
.5 case per 100,000 
.6 case per 100,000 
1 case per 100,000 
.5 case per 100,000 
107 cases per 100,000 
00 cases per 100,000 


Check the sMement or staiements below that best explain the variations 
listed above. 

1. The climate of the state caused the difference. 

2. Some states had more whites than others and whites are 
more susceptible. 

3. Vaccination laws were better made and better kept in certain 
states. 

4. Sanitary conditions were better in certain states. 

5. There were fewer people who were naturally susceptible to 
smallpox in certain states. 


PROBLEM n. HOW ARE INFECTIOUS DISEASES 
SPREAD? 

Demonstration 1. ' How Germs Are Spread. 

Use six sterile Petri dishes containing culture media. Open 
one at a time. Let a fly walk on the surface of one dish. Have a 
student cough in another ; put your finger in your mouth and then 
touch it to the surface of a third dish ; touch the surface of fl fourth 
dish with a used moist handkerchief ; touch the surface of a fifth 
dish with a fork or spoon that has been used j leave one disb un- 
exposed as a control. Replace all covers immediately and place 
the dishes in a warm place for two days. Give results. What 
are your conclusions 7 



THE HEALTH OF THE COMMUNITY 


m 

Demonstration 2. To Discover the Distance Germs May Be 

Scattered by the Droplet Method of Infection. 

Materials. Five Petri clwhes with sterile agar. 

Method. Cough into one dish of iigiir at a distance of two feet 
into ft second at three feet, and into tiio tliird at five feet. Hold 
ft fourth dish two feet away and cough into a elean hn.ni^ifttT oy|j„; 
Use fifth disli as conlrol. Cover the dishes and leave them in a 
warm dark place for several days. Examine tlicun to see which 
has developed tlic greater number of colonies of bacteria. 

Result and Conclusion. What is the result in each case? ‘What 
dangers are there from the "coughs ” of people having colds and 
throat diseases? 

AppZicah’o?!. How can the spread of disease by coughing be 
greatly reduced ? 

Some of the Ways in Which Infectious Diseases Are 
Spread. The germs causing infectious diseases enter the 
body through some body opening, usually the mouth or 
nose. They may be passed from one person to another 
by means of direet contact, ns in kissing, through the 
mouth spray, or through the agency of drinking cups, 
pencils, food, books, and clothing. We have learned that 
germs grow rapidly in moist, warm places where there is 
food for them. When this warm, moist place is the throat 
or nose, it i.s apparent that the easiest way to scatter the 

genns is by coughing 
or by spitting. If you 
stand between your 
schoolmates and the 
light, you will notice 
that as they talk 
little droplets fly out 

Give three practical saggeetlons that will leseen qJ -their mouths and 
the dangers shown in this figure. . . .1 

pass into tne au' in 

a constant spray. This spray easily reaches from eighteen 
inches to three feet from the person who tallis. It is 
quite evident that any one who has germs in his throat 
or mouth could ea.sily pass them into the air with these 
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little droplets to someone who stood within the three- 
foot hmit. The common cold is largely spread in this 
way. People having colds should be kept at home as 
they are able to give these colds to others very easily. 

The Incubation Period of a Disease. Practically every 
chhd’B disease begins with sneezing, running at the nose, 
and a slight cough and fever ; so it is evident that if a 
child has any or all of these symptoms, he should be kept 
from school. We have learned that the period from the 
time that the disease germ enters and begins, to grow in a 
person’s body until the time that the symptoms of the 
disease are evident is called the incubation period. During 
this period of time the disease germs are growing in the 
body but not making themselves known because the 
poisons which they give off have not been formed in large 
enough quantities to affect the person's system seriously. 
This incubation period varies considerably for different 
diseases. . For mumps, it is 16 to 22 days ; for whooping 
cough, 8 days; for chicken pox, 11 to 22 days; for 
measles, 8 to 15 days ; while for diphtheria, it is only 
from 1 to 6 days. If, after exposure to an infectious 
disease, the symptoms do not develop within the time 
of the incubation period, the exposed person has escaped 
the disease. 

Why We Have Quarantine Regulations. You have 
probably all seen a blasting gang at work. You have 
noticed just before the blast is set off that one or two 
members of the gang go out into the street, waving red 
flags and calling out, “Fire! Fire!” You have been 
interested to see wbat happens ; how the men set off the 
blast with electricity, how the whole mass rises into the 
air with perhaps a few rocks or logs flying high in the air. 
Then, the workmen troop back to the place where they 
were drilling ; work goes on as before and traffic on that' 
street is again resumed. We have been protected by the 
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Two kinds of vsinlngs which are Intended to aave llvea. Are quarantine placirda 
used in your community ? 


red flag of danger. Similarly by means of a red or other 
conspicuous placard the health department in our com- 
munity warns people that there is a contagious Hispnap 
in a particular house. The health officer in a community 
has a right to keep people in who are sick with certain 
contagious diseases, and to put a placard on the house, 
that all may know of the danger from disease there. 
This restriction is known as quarantine. 

Some After-Dangers. Doubtless it seemed irksome 
and needless to some of you that during an attack of 
measles the doctor insisted not only that you should be 
isolated from the rest of the young people in the family, 
but also that you be kept in a darkened room for several 
days. Now, measles is not an eye disease and you may 
have wondered why he did this. If you had been older 
and wiser, you would have realized that certain germ 
diseases are more feared for the harm they may do the 
individual in later life than what they do at the time. 
Doctors could tell you of many cases where measles or 
scarlet fever have left a trail of weakened body organs 
which have made people semi-invalids and sent some to 
early graves. It pays to take care of oneself at the time 
when one has measles or scarlet fever. 
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Quaxantine during the Incubation Period Important. 
Thus it is evident why quarantine restrictions are placed 
on people who are ill with catching diseases. We should 
do all we can to co-operate with the health authorities. 
We should do more than this, for if members of our family 
have been exposed to a germ disease, they may then have 
the disease in its incubation period and consequently may 
be more dangerous than if they actually were ill with the 
disease. We thus see that quarantine of the sick is not 
sufficient to protect us, we must quarantine any who 
have been exposed to the disease untU the incubation 
period is passed. Do you see why this will protect 


^ Iteasons for Disinfection. It is often necessary to 
destroy bacteria as they leave the body, in order to 
prevent them from harming someone else. This is 
usually done with chemicals by a process known as 
disinfection. Some of the substances used are lodme, 
chloride of lime, carbohc acid, formaldehyde, mercuro- 
chrome, and bichloride of mercury. All these substances 
are poisonous and should be handled 
Where the disease exists, it is necessary to disinfect the 
bedclothing, handkerchiefs, and other things that the 
patient uses every day. Disinfection is two 
lonmrrent or that which occurs from day to da,y, and 
SnaZ or the final disinfection after the to is ov^r^ 
Which method do you think is the more effective? Are 

mfecfous Disuses. 

tS tot md biL®t ‘Mng that W Ona 

help fight infectious diseases is to be , 



IlOIJEUT KOCH, lB'1,3-1910. 


December 11, 1843, a boy wuh born in Klamlhal, Germany, -who 
became Iionorcd all <ivcr ihc world. Itobcrl Koch was n poor 
boy, but early in life lie allowed great inlcrcst in .science and stood so 


high in schpol that his father sent him to the University. Near the 
end of Ilia career there, lie won a prisec which eiialiled him to go to 
a medical school. As n young country doctor, he was much beloved 


by his patients. On his 28lh birthday, his wife gave him a micro- 


stoipc and that started him on a scries of discoveries of very great 
benefit to mankind. People were just beginning to believe geims 
caused disease, and he, using these beliefs, first proved that a disease 
called anthrax was caused and transmitted by a germ. Later he 
discovered the germ that caused tuberculosis, and still later made 
a substance called tuberculin, tliat he believed would cure tuber- 


culosis. It did not do this, but it gave doctors a test which tells 
whether or not a person has tuberculosis germs in his body. Koch 


died, greatly honored and beloved, in May, 1910. 


‘ 
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bedclothes, and everything else used by the patient axe 
carefully disinfected. 

Seasonal Variations in Disease. In some cities where 
the board of health keeps careful records, we G ud that 
certain diseases, such 
as diarrhea (di'<^-re'4), 
axe much more preva- 
lent during the sum- 
mer than during the 
winter. This seems 
to be due, in part at 
least, to the fact that 
foods do not keep as 
well in warm weather 
as in cold because 
warm weather aids 
the growth of germs. 

Milk, as well as other 

food, is easily spoiled | a,* united States trom 

in warm temperatures. in mo and loso. 

Since ^^ tbe food uitestinal diseases in 

of babies, ^y that flies are verypreva- 

“he summer time that 

carry them to milR, w variation in this and 

may. b| one ^ ^^^ther disease which 

other T^\,arm than in cold weather. It is 

is more preTotot m 

mtoieoting to reduced largely 

these sujnmer disease i j_p reearding the care of 

^wITv^Tluerriore prevent m the tmte. 

H. ft w. 801. n— 28 
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Insects in Relation to Disease. If you have ever 
noticed flies around the house, you know that they are 

attracted by foods. 
You also will have 
observed that they 
have a very keen 
sense of odor. It is 
not pleasant to think 
of flies carrying germs 
from garbage pails 
and open privies to 
our food, but such 
they undoubtedly do, 
as is seen by refer- 
ence to the diagram 



How may diseases be transmitted to a well 
person? In what way may one protect himself 
against them ? 


above. Mes, however,' are not such a menace as ^ey 
once were, both since we know better how to fight them 
and because there is less typhoid fever and other mtes- 
tinal troubles than there used to be. Other uisects play 
a part in the transmission of disease. Mosquitos have 
been shown to carry yellow fever and malaria. We shall 
see later that other diseases of world-wide unportance, 
such as plague, typhus, and sleeping sickness, axe earned 
by different insects. 

SELF-TESTING EXERCISE 

Select from the following list of words those that best fill the hla^nk 
JZ lnZZiles below and arrange them in proper numeruol 
order. A word may be used more than once. 


flies 

can 

mouth 

opeuing 

plants 

filthy 

intestmal 


kissing 

typhoid 

clean 

spray 

nose 

insects 

contact 


adult’s 

mosquitoes 

germs 

foods 

closing 

handle 

break 


children's 
bone 
contract 
animals . 
cannot 

ekin 
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Germs causing disease get into the body through a body 

(1) such as the (2) or (3) or through a (4) 

in the (5) Therefore, we get germ disease either by actual 

(6) with people, as in (7) , or by putting into our (8) 

things containing germs or by taking in the germs in (9) 

(10) from people who have the disease. Diseases are caused 

by (11) spread in this way. Carriers are a great source of 

danger because we (12) teh who they are. Such people, who 

may be milkmen, waiters, or cooks, often (13) our (14) 

Thus they are often responsible for the spread of (15) and 

other (16) diseases because of their (17) habits. Other 

diseases are carried by (18) Such may be malaria, which is 

spread by (19) , or diarrhea, which is often carried by (20) 

PROBLEM TEST 

Your small brother has measles and you have been playing 
with him for some days before he came down with the disease. 

Check the sentemcea below which idl what you should do. 

1. Continue to go to echool as usual. 

2, Gargle your throat every day. 

3. Remain at home for at least two weeks. 

4, Fumigate aU your clothes, take a bath, and then go to school. 

Check the sentence or aerOences below which give the beat reasons for 
your answer above. 

1. If you gargle your throat, it keeps the germs from gaining 
entrance. 

2. Measles is such a light disease that everybody ought to 
take it and get it over with. 

3. Fumigation is the safest method of killing germs. 

4. The incubation period of measles is from 8 to 14 days. 

PROBLEM HI. WHAT IS IMMUNITY AND HOW MAY 
IT BE OBTAINED? 

How the Body Protects Itself from Disease Germs. 
We have already learned that germs get into the body 
through openings, such as the mouth, nose, or woun^. 
The skin is a protective covering. The blood contains 
protective cells, certain kinds of colorless corpuscles, 
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TOidrbbes give ou;t^ 
Voisanoxts tosdna 
-^Is div& ' 
antli).oe[i€s‘ 
to fight the toxl] 


which feed upon such germs as may get into the bodv 
thus actmg as sanitary police. The body has develonS 
a third defense against germs in the form of protect™ 
substances which are manufactured by certain ceUs 

to defend themselves 
against the toxins or 
poisons made by dis- 
ease germs. These 
substances, called anti- 
Oodles, are found in the 

blood, where they may 
make harmless the poi- 
sons given off by the 
germs, or may even de- 
stroy the germs. 

Immunity: Natural 
and Acquired. Occa- 

Read your text and study this diagram carefully. ^ 

TJien tell how the body protects itself from SOmeone who 

has been exposed to a 

does not take the dmmo and 

against that diseaae. This may bl a nm„™l 

one that he has had all his life fR ■ 

are "on thp o+ i Sufficient antibodies 

are on the job at all times and can IdU any harmfnl 

Sle^J df ‘ “‘f ■ rereona a,e 

ceptible to diseases than others. This suscentibilitv 

my be caused by fatigue, overwork, or by misuSng the 
body in any way, such as through the use of drnl n 

“it”‘ Sr* 

.inese suostances are given either to 
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neutr^lizB the products formed by the disease germs or to 
stimulate the body to produce its own antibodies. Each 
disease has to be fought by its own specific antitoxin or 
vaccine. We shall see later in our study of biology just 
why this is so. 

Use of Antitoxin for Diphtheria. . Perhaps the most 
widely known antitoxin is that used for the prevention 
of diphtheria. An antitoxin is produced in the body 
under the stimulation of a toxin or poison given off by 
germs. The antitoxin will neutralize or destroy only the 
toxin which caused it to come into existence. It is one 
form of an antibody. In the preparation of antitoxin 
for diphtheria, a certain amount of diphtheria toxin is 
introduced into the blood of young, healthy horses. This 
causes the horses to produce an antitoxin against diph- 
theria. As* soon as the blood of these horses has a large 
amount of antitoxin, small amounts are taken from time to 
time to be used in the preparation of a human antitoxin. 
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Study the graph caref ully . Compare the death rate in. 1888 vdth the death rate 
in 1898. Why the difference ? Why does the dlseaae not disappear? 


The serum or liquid part contains all the antitoxin, and 
it is put up in small tubes to be injected into the body of 
a person who has diphtheria. 
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Schick and Dick Tests. The Schick test is a method 
by means of which it can be determined whether a child 
is susceptible to diphtheria. A very small amount of 
diphtheria toxin is placed under the skin of the arm. If 
a little red spot appears a few hours later, it shows the 
child might contract diphtheria if he were exposed to the 
disease. If this is the case, the child should be given the 
treatment known as toxin-antito xi n for diphtheria. This 
consists in injecting small amounts of diphtheria toxin and 
antitoxin into the blood. This will cause the body to 
produce its own antibodies, thus. building up a resistance 
against the disease. A somewhat similar test to determine 
a personas susceptibility toward scarlet fever is known as 
the Dick test. 

Vaccination. In early colonial days in this country 
nearly everybody had the dreadful disease called smallpox, 
which often killed and always marked the patient for 
life with scars left by the disgusting sores of the disease. 
A short time after the Revolutionary War in America, 
Edward Jenner, an English physician, learned that many 
girls who were dairymaids did not contract smallpox, and 
he had decided that if people had the milder but aimllgT 
disease of cows known as cowpox, they would not get 
smallpox. This was the beginning of the idea of vaccinar 
tion. Dr. Jenner inoculated a number of people with 
the substance that causes cowpox and found that this 
made them immune to smallpox. Gradually the method 
of making the vaccine was improved so that today millions 
of people are vaccinated against smallpox with no harm 
to themselves and with the result that they are protected 
against smallpox. Wherever vaccination is required 
by law (as it is in some states and countries), small- 
pox is rarely found, and wherever vaccination is not 
required of all people, outbreaks of smallpox frequently 
occur. 
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In the case of vaccination against typhoid, dead typhoid 
germs are injected into the body, where their toxins cause 
the healthy cells to produce substances which cause the 



Tbis shows the first vaccination against smsUpox by Dr. Jenner. 

body to become immune for a short time. When an 
antitoxin is used in treating a disease, the substances 
already prepared are injected into the blood, where they 
neutralize the products formed by the disease germs. 

For What Diseases Can We Receive Lnmuniiy? We 
have already seen that an antitoxin can be made to fight 
diphtheria. A similar method is used to fight tetanus, 
the dread germ causing “lockjaw.” This method of 
receiving immunity is called “passive” immunity because 
the work of making the antibody takes place outside of 
the body. We can receive immunity by the injection of 
dead germs in the case of typhoid, parats^hoid, Asiatic 
cholera, and bubonic plague. Immunity can be given 
by using weakened organisms which are incapable of 
giving a severe attack of disease in the case of anthrax. 


424 


THE HEALTH OP THE COMMUNITY 


smallpox, and rabies or hydrophobia. This latter type 
of immunity which is given by dead germs or weakened 
organisms is called active immunity, because the body 
works against the poisons and manufactures its own 
antibodies, which combat the disease. 

SELF-TESTING EXERCISE 

Select from the following list of words those that best fill the blank 
spaces in the sentences below and arrange them in proper numericd 


order. 

A word may be used more than once. 


well 

germicides 

vaccines 

disinfectants 

immune antitoxins 

sick 

treatment 

disease 

Schick 

diphtheria 

antibodies 

take 

toxin 

injected 

inoculation 

germs 

scarlet fever 

kill 

vaccination 

give 

body 

Dick 

mind 


A peraon ia immune to a certain (1) when he is exposed 

to the (2) that cause it, but does not (3) the disease. 

His (4) has power to (6) the germs, so they cannot grow 

there. Immunity can he obtained by use of (6) and (7) 

If antitoxin for diphtheria is (8) into the body, it will prevent 

(9) The (10) test will tell if you are susceptible to 

iphtheria and the (11) (12) treatment will keep you from 

having the disease, if you arc susceptible. In (13) , weakened or 

dead germs which cause the (14) are injected into the (16) , 

and the blood then produces the (16) which fight the disease 

and cause the person to become (17) 

PROBLEM TEST 

During the years 1921-26 Massachusetts, with a population of 
4,197,000, had 64 cases of smallpox, while in the same period 
California, with a population of 4,316,000, had 26,985 oases. 

Chedc the sentence below which best explains this statement. 

1. The climate of California was favorable for smallpox. 

2. The numerous races living in Califoimia gave the large 
case rate. 

3. Impure water carries smallpox organisms and thus accounts 
for the difference. 

4. Massachusetts had better vaccination laws and enforced them; 
thus people were protected against smallpox. 
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PROBLEM IV. WHAT DISEASES DO THE MOST ttaptut 
TO CHILDREN? 

A careful study of various records and graphs shows that 
certain diseases kill more children between the ages of one 
and nine than any others. These are pneumonia, measles, 
tuberculosis, scarlet fever, whooping cough, and diph- 
theria. The disease which keeps more children away from 
school than any other is the common cold. We should, 
therefore, know something about this and other diseases, 
how to recognize them and how to fight them. 

The Common Cold. This disease causes more absences 
from school and work than any other disease. There are 
two kinds of colds. In one kind the germ which causes 
the disease normally lives in the nose and throat. When 
a person gets overheated and then chilled, the membrane 
linin g the nose and throat becomes irritated and the germs 
grow more rapidly, thus causing the symptoms of a cold. 
This kind of cold is thought not to be contagious. The 
contagious cold is probably caused by the same kind of 
germ, but it is more severe in its effects and can be passed 
on by the droplet method or by using unwashed cups, 
plates, spoons, or towels used by those who have a cold. 
Rest, not medicine, is the best way to cure a cold. Go to 
bed until it is over. Colds are often fought with vaccines, 
but we are not much beyond the experimental stage in 
this treatment. Colds are serious because they may 
render us susceptible to other diseases, such as bronchitis, 
pleurt^Jy, or tuberculosis. Disinfection of a contagious 
cc||itBliould be concurrent and terminal. 

:t*neumoiua. ■ Pneumonia is caused by bacteria, and is 
transmitted by people who carry the germs, usually by 
direct contact through discharges from the nose and the 
throat. The incubation period is from two to three days. 
The disease comes on like a heavy cold, but with fever. 
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It is best to call the doctor immediately and follow his 
directions carefully. The patient should be isolated and 
nursed very carefully through the illness. Disinfection 
should be both concurrent and terminal. 

Measles. Many people consider measles a very insig- 
nificant disease, but it is in reality a serious one. Not 
only may children be very sick at the time, but, what 
is more important, they are often left with defects from 
which they do not recover, such as a weakened heart or 
defective eyes. The organism causing measles has not 
yet been discovered, but it is known that the secretions 
from the mouth and nose of a patient will cause the disease. 
It may be transmitted directly from person to person by 
the fingers, flies, or food. It is probably the most easily 
transmitted disease, and many childi*en may have it in a 
light form without knowing it. It is most communicable 
during its early stage when the person having it comes 



Sieuri FUchtr 

A hospital ward. If a person is very ill hospital care la usually better than home 
care because nurses are always within call. 
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down with, what seems to be a cold in the head. The incu- 
bation period is about fourteen days. Children having 
the disease should be quarantined during the period when 
it can be given to others. The patient should be kept 
warm, and, especially after the rash has disappeared, 
should be kept from light 


because of the danger to 
the eyes. Disinfection 
should be concurrent and 
terminal. 

Tuberculosis. Tuber- 
culosis is caused by bac- 
teria. The disease may 
attack almost any part of 
the body, although we 
hear more about tuber- 
culosis of the lungs than 
any other kind. Tuber- 
culosis is the one disease 
that has always been 
most dreaded by mankind. 



What lE the probable cauae of the de- 
crease in tnberculosia? 


mosb areaueu u, Not many years ago W was 

responsible for over one tenth of all human deaths, an 
even today it is estimated that of all the people ahve m 
the country, probably 5,000,000 whl ie of tuberc^s^ 
and yet the death rate has been more th^ “ 

the past twenty-five years. It is estmated that if 
neople who have tuberculosis would take warmngs m 
S and Uv. in a hygiania way, the ieeeee would 

bp stamped out witbin the next fifty years. 

^tough it used to bo diffieult to know whether a 

sonhad luberoulosie in its early stages mod^ 

son ^ ^ whether anyone has the di^ 
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layer of the skin. Persons who have living tuberculosis 
germs in their bodies react by showing a small red spot 

at this point. In 
one eastern state 
over 200,000 school 
children have been 
given this test. 
While 28 out of 
every 100 showed 
the presence of 
tuberculosis germs 
in their bodies only 
1 out of every 100 
were harmed enough 
by the germs to need 
continued medical 
care. 

Tuberculosis may 
be easily cured if it 
is taken in its early 
stages, but it is very 
difRcult to cure in a 
person who has had 
it for a long time. 
The cure is brought about by rest, plenty of nourishing 
food, especially milk and eggs, frc.sh air, and sunshine. 
The object is to build up the body resistance against the 
disease so that the body can fight the inroads of the germs. 

Tuberculosis is not inherited, contrary to common 
belief, but it is very easily passed from one person to 
another in a family through carelessness in coughing or in 
using the same dishes and other utensils. The utmost 
care must be taken with tubercular patients, and they 
should realize the danger in which they place others. 
Naturally concurrent disinfection is most important. 
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Tuberculosis most frequently attacks workers iu poorly 
ventilated factories and in certain occupations, such as 
stone cutting, street cleaning, and mining, Some people 
having this disease refuse to or cannot afford to rest or 
to pay for the care that they should have and so they get 
worse and many of them die. It is, therefore, better for 
patients to go to sanitariums if possible, as the cure can 
thus be effected more quicldy without danger to others. 
Since simshine is the enemy of germs, patients in sanita- 
riums are placed in the open air. While in a sanitarium 
the patient is free from aU worry, and is with people who 
have the same disease as he has but are cheerful and happy. 
He soon learns not only how to take care of himself but 
also to protect other people from his disease. 



Nniional Tubureitlflsia Asiwiation 

Modem sfinitaiiuniB for tuberculosis patieats have wards open to the sun and air. 
What is the reasoa for this ? 


Scarlet Fever. Scarlet fever is caused by bacteria, 
recently isolated by Dr. Dick and his wife. The disease 
is very contagious in its early stages when the person 
having it appears to have only a slight cold. It is trans- 


DR. AND MRS. DICK 


.Sei<!n« Service 


P EORGE FREDERICK DICK was horn at Port Woync, Indiana, in 
1081. He took his degree in medicine at Rush Medical College 
in 1905, and not long after was married to Miss Gladys Henry, who 
has been associated with him in his research since their marriage. 
Both Dr. and Mrs. Dick were early interested in scarlet fever, a 
disease which for many years had heen most dreaded ]>y parents 
because of its severity and aftcrelTccls. Seventy x>cr cent of the 
deaths from scarlet fever arc among children under ten years of age. 

In 1921 they published their first paper on scarlet fever, and since 
that time they have worked steadily at the McCormick Institute for 
Infectious Diseases in Chicago, and luivo made two very important 
contributions to the knowledge of how scarlet fever is caused and 
how to combat it. By the end of 192.1 they had iirovcd that the 
disease was caused by a streptococcus germ that destroys the red 
blood corpuscles. The next step was the prf)diiction of a scrum 
to be used to fight the disease. The first scrum was produced by 
Dr. Dochez, of the Rockefeller Institute of New York, but this and 
other serums have not iirovcd absolute cures for the disease. The 
most striking phase of Dr. and Mrs. Dick’s discovery has come in the 
use of the toxin of the germ os a test for suscciitibili ty to scarlet fever. 
A tiny drop of this toxin, if injected into the arm, will cause a red 
spot to appear if the child is susceptible to scarlet fever. An anti> 
toxin is now used which is prepared from horse’s blood in the same 
manner us the diphtheria antitoxin. It is used with considerable 
success to produce immunity if the child is in the first stages of the 
disease, but is not of muck value if ilio disease has made a start. 
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mitted iisually through discharges from the nose and the 
mouth and sometimes is earned by clothing, furniture, 
or in milk. The incubation period is usually three to 
five days. It can be transmitted from one person to 
another even four ■weeks after the beginning of the disease j 
therefore, quarantine should be enforced during this 
period. Scarlet fever can easily be recognized after the 
early stages by the red spots which appear under the skin, 
giving a general diffused redness. Disinfection should 
be concurrent and terminal. Scarlet fever sometimes 
leaves a person with defective eyes, bad heart, or deafness. 

Whooping Cough. Whooping cough is caused by bac- 
teria and is passed on from one person to another by 
diacharges from the mouth and nose. Dogs and cats are 
said to take the disease and are a source of iofection. 
The incubation period is from two to ten days. The 
period in which the disease can be transmitted is from 
two to eight weeks. During this time quarantine should 
be enforced. Disinfection should be both concurrent and 
terminal. Whooping cough is frequently followed by 
secondary infections. 

Diphtheria. This disease is caused by bacteria and is 
transmitted through discharges from the nose and the 
mouth. Some people may carry the germs and, although 
apparently well, will be a source of great danger to children 
and adults. The disease is very infectious and the patient 
should be quarantined. Disinfection should be both 
concurrent and terminal. This disease is now being 
fought by testing the susceptibility of children by means 
of the Schick test and immunizing them with the toxin- 
an'titoxin 'treatment. It is said that this treatment 'wiU 
practically stamp out diphtheria in the United States 
within the next ten years if the death rate continues to 
drop as it has in the last few years. The pasteurization 
of milk also aids in fighting this disease. 
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Exercise. Make a table for your workbook showing diseases pre^ 
alent in your community. Pill in the columns with information 
obtained from your text. 


DiBBABF] 

Caubh 

SoimcB OF 
Ikfbction 

How 

Tbanb- 

MVraUD 

Incuba- 

tion 

Fbuioi) 

Quajian- 

TINE 

PBIIIOD 

Kinds of 
Disinfec- 
tion 

Methods* 

OF COM- 
moii 










SELF-TESTING EXERCISE 


Select from the following list of words those which best fdl the 
blank spaces in the sentences below and arrange them in proper 
numerical order, A word may be %ised more than once. 


contact 

controlled 

fever 

germ 

toxin-antitoxin 

insects 

contagious 

nursing 

immunized 

discharges 

mouth 

toes 

bacteria 

effects 

throat 

flies 

diseases 

hands 

nose 

spread 

quarantined 

scarlet 

mild 


Pneumonia is caused by (1) 

_ and is transmitted by 

(2) 


from the (3) and the (4) Careful (.'5) is very essential. 

Measles, (6) (7) , and whooping cougli are serious (8) 

because of possible after (9) Whooping cough is caused 

by (10) , which are transmitted by discharges from the 

(11) and the (12) It is a very (13) disease. 

Diphtheria, a disease of tho (14) , is (15) by personal 

(16) , and is so very (17) that persons suspected of having it 

should be (18) Immunity is secured by the (19) treatment. 

PROBLEM TEST 

The death rate of tuberculosis is slowly decreasing in this coun- 
try, but we shall never entirely conquer it because ; 

Check the sentence or sentences that best compile the statement abooe, 

1. Germs ore always present and cannot all bo killed at a given 
time. 
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2. Our knowledge of the disease is not complete enough. 

3. People will continue to drink milk and milk always contains 
tuberculosis germs. 

4. It is impossible to educate everyone so that they will all act 
intelligently. 

6. People are careless, and there are always some who disregard 
the rights of others. 

6. Tuberculosis and the economic condition of the family go 
hand in hand. 

Check heZow the reasons that best explain your answer or answers, 

1. The germ causing tuberculosis has been known for many 
years. 

2. There are two kinds of germs causing tuberculosis, bovine and 
human. The former does more harm to children, the latter to adults. 

3. Statistics show that the death rate from tuberculosis closely 
follows the amount of income a family has. 

4. Nourishing food, rest, fresh sir, and freedom from worry are 
essential for the cure of tuberculosis. 

5. We have no serum or antitoxin that is considered reliable 
by all physicians. 

6. Germs of tuberculosis are relatively easy to kill, and only 
live under certain conditions. 

7. Tuberculosis germs in milk may be killed by pasteurization. 

8. People can be made to change their bad habits through 
education. 




the keyiew summary 

In preparing a summary of what you have found out in this unit, 
you will want to place emphasis on the big ideas which have come 
from the applications of the facts you have learned and the demon- 
strations you have seen. Doubtless you have done some addi- 
tional reading which has helped you put together some of the f^ts 
into gonoralizBitioiis or fundaiinoiita.l uiidBrlyiiig piinciplos. For 
this unit some of these generalizations are : 

1. Much communioable disease could be prevented through 
education and co-operation. Ignorance is responsible for much 
diso&iSO 

2. Infectious diseases are spread through mouth spray and 
direct contact. 

H. 4iW. Boi. n — 29 
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3 All infectious diseases have an incubation period, which is 
the time when such diseases arc largely passed on to others. 

4. Quarantine protects against infectious diseases, 

5 Insects carry diseases but do not cause them, 
e’ Immunity against a disease may be natural or acquired. 

7*. Acquired immunity may be obtained through antitoxins or 

vaemn^^^ germ diseases which do most harm to children are the 
common cold, measles, pneumonia, scarlet fever, tuberculosis, 
whooping cough, and diphtheria. 

Before making your review summary for your workbook, test 
vour knowledge of the facts of the unit by checking over the text 
so as to be sure you know the facts underlying the science prin- 
ciples or generalizations. Then using this material and everything 
you have read, seen, or done yourself, make your summary outline. 
This outline you may use when you make a recitation. 


TEST ON FUNDAMENTAL CONCEPTS 

In a vertical column under the heading connECT write numlers 
of aU statementa you believe are true. In another column under 
INCOKRBCT write numhera of the false statements. Your grade = 
right answers X 2^- 

I. Infectious diseases are spread: (1) by using the same drink- 
ing cups, plates, etc., as people who are sick , (2) by coming within 
the danger zone of spray from the mouth of sick people; (3) by 
breathing the same air as sick people ; (4) through spitting and 

coughing. i 

II. Variations in the amount of disease at different seasons 

occur because : (5) of hot and cold wcatlicr ; (0) some people carry 
disease more readily in hot weather ; (7) flies and mosquitoes cairy 
disease germs ; (8) milk is more likely to contain germs m summer 

than in winter. _ ■ 

HI Quarantine is useful because it: (!)) keeps sick people 
away 'from well people; (10) gives sick people a vacation; 
(11) teaches people to be unselfish; (12) gives work to the health 

officer. . 

IV. Disinfection is useful because it: (13) hides germs; 
(14) mfllrPH people cleaner ; (15) saves clotlics that otherwise would 
have to be destroyed; (10) prevents transmission of disease. 

V. Immunity from certain diseases: (17) is natural to every- 
body (18) is made possilile l»y antitoxins and vaccines; (19) is 
brought about by healthy blood ; (20) is helped by keeping in good 
physical condition. 
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VI. The Schick and Dick tests are used because : (21) they cure 
disease ; (22) they show if a person is immune to a certain dis- 
ease ; (23) they show if a person is susceptible to a certain, disease ; 
(24) doctors advise its use to prevent epidemics of scarlet fever and 
diphtheria. 

VII. Vaccination against smallpox: (25) prevents smallpox; 
(26) protects one against smallpox for life ; (27) is useless as a pre- 
ventive measure; (28) protects persons against smallpox from 
6 to 10 years. 

VIII. The common cold : (29) causes more school absence than 
any other disease ; (30) may be contagious ; (31) never has any 
serious consequences ; (32) should be fought with medicines rather 
than rest. 


PRACTICAL PROBLEMS 

1. A short time ago a very bad epidemic of septic sore throat 
broke out in Lee, Massachusetts, a town of about 4000 inhabitants. 
About 30 people died and over 600 were ill. Septic sore throat is 
moat frequently spread through milk by people who work in dairies 
carrying the disease. How might the Lee epidemic have been 

averted? ... .. 

2. John wanted to go on a camping and canoeing trip up the 
Morrimao River which flows through a thickly settled valley. He 
was told by his father that he could not go unless he took inocul^ 
tions for typhoid and paratyphoid two weeks before the trip. His 
camp mates ridiculed the idea. Who was right, and why? 

3. Certain people deny that germs cause disease. What facts 
could you bring forward to disprove this ? 

4. How would you disinfect the room of a person who had scar- 
let fever? Why? , ,, . a; j u 

6. What Mnd of disinfection should be practiced by a person 

who has tuberculosis? Why? 

6. Study the various diagrams on pages 409 and 421 and state 

what kind of immunity is illustrated by each. , 

7. How are the Schick and Dick tests used? Could they be 
considered as protective in the same sense as an antitoxin or a 
vaccine? 

INTERESTING THINGS TO DO, READ ABOUT, OR SEE 

1. What habits should be formed to prevent taking an infectious 
disease ? What can you do as a member of the school group _ 
prevent the spread of such diseases? Arrange your answer in 

tabular form. 
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the health of the community 


2 Report on the life and work of Jenner. . , . , 

3, Send for tko U. S. Health Service Reports and see in what 
narts of the country vaccination is prevalent. Do these states 
require vaccination? Ask the Ubrarian to help you get bulletins 

and books on the subject. ^ 

4 Look up in periodicals some account of the buildings recently 
completed in the city of New York and which arc shown on page 
402. Make your report to the class. 

5. Homh Expehimhnt. To Discoveii What Food Matbeialb 
Aeh Most Attiiactivb to Flies 

Matmals. Eight small butter dishes. The following food 
materials: bit of stale fish, meat, bread, milk, fresh slice of apple, 
dice of decaying banana, water, manure. , . , , , 

Method. Place a small piece of each food material on a butter 
dish Place these about one foot apart where flies have ready 
access to them and withdraw to a distance from which you can 
watch results. Count the number of flies on each material at the 
end of 2, 4, 0, 8, and 10 minutes. 

EeauZfs arid Conclusions. Tabulate the results and draw con- 

What suggestion does this give to help you explain 
the reason for the number of flics found in a store, in a shop, a stable 
or livery, or in your own back yard? 

6. Home Experiment. To See the Effect of Borax or 
Kerosene When Used in the Breeding Places of Flies 

Materials. Borax, kerosono, table waste or stale meat, empty 

sirup cans. , , , . , , \ ^ i 

Method. Make three portions of table waste (garbage), or stale 
meat may be used instead. Cut the tops oft the three cans. Put 
one portion into a can, filling it half full'_ Mix a second portion 
with a tablespoonful of borax. Put this into a second can. Put 
the third portion, thoroughly mixed with one or two tablospoonfuls 
of kerosene, into a third can. Place these throe cans where flies 
may readily reach them. Examine them at three-day periods for 
several weeks, to see if maggots and flics develop. 

Results and Concludons. Tabulate the results and draw con- 
clusions. 

7. Home Experiment. To See Ip Oil Will Prevent Deveit 
OFMENT of Mosquitoes in Water 


Materials, Two pails, kerosene. 

Method. Fill two pails with water. Place these out of doors 
close to bushes or shrubs whore mosquitoes are found. Let them 
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remain for several weeks, examining every three days for the 
presence of 'wigglers. 

ResvUs and Conclusion. What are the results? What is the 
value of the oil in helping to reduce the mosq^uito evil? 

^ 8. ^ Make a Ust of the laws in your community which have to do 
with infectious disease. Ask your school physician for help. 

9. After visiting your local board of health, hospitals, and pub- 
lic marlmts, score your community with the card on p. 438. 
Does this score suggest any changes for improvement? 

SCIENCE FOR LEISURE TIME 

1. Make a list of superstitions held about disease by each of 
your classmates and get each one of them to give you evidence for 
this belief if they can. This can bo made into a game. Have the 
superstitions or beliefs written on cards and distribute these cards 
in a group who have obntributed the statements. Each member 
of the group must try to object to the statement on his card from 
a scientific point of view and must try to bring evidence against it. 
After he has finished, the person who made the statement has an 
opportunity to reply. The group wiU vote on the evidence for or 
against the statement. 

2. Can you grow snakes from horse hairs ? Place several horse 
hairs in a bottle with pond or tap water. Cork the bottle and put 
aside for some days in a warm place. What happens? 

SCIENCE CLUB ACTIVITIES 

1. Make a trip to your local board of health to find out what 
tests and what immunity protection is given free in your 
community. 

2. Make a group survey of your community. Find out where 
the areas are in which flies or mosquitoes breed, and then organize 
a campaign to exterminate these pests. 

3. Work up a chart as a group project to be used in the class- 
room which shows in form of a talk just what you would do to pro- 
tect yourself against the following diseases : inalaria, scarlet fever, 
colds, diphtheria, typhoid, measles, tuberculosis. 

4. Have a club meeting devoted to the question of what are the 
advantages of living in the country as compared with living in the 

5. Study the summaries of diseases in the report of your state 
department of health and make chart graphs showmg the seasonal 
variations of one of the foUowing diseases : measles, pneumoma, 
scarlet fever, typhoid, malaria, diphtheria, smallpox, or influenza. 
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THE HEALTH OF THE COMMUNITY 


SCORE CARD. WORK OF THE BOARD OF HEALTH 



My 

I'ECT aZj 
SOOIIE 


EQUIPMENT 

AND 

PEIIBONNBL 


QtTAlUNTlNE 

AND 

SBRTTMB 


nOBFlTALB 

AND 

nSBEAHCB 


CO-OPERATION 

AND 

LATV 

ENFORCEMENT 


Board of health active and free from politics 

(5) 

Equipment good (G), fair (3), poor (f) 

PhyBicians employed give entire time to work 

(6) , part time (1) 15 


Quarantine lawB strictly enforced (6), partly (2) 
Gonta'gious diBoaacs reported by school physi- 
oians (6), not reported (0) 

Disinfeotion required by law and law always 
enforoed (5), sometimes (1) 

Free antitoxins and vaccines (5), not free but 
obtainable at all times (4), not obtainable (0) 20 


Hospitals ample for community needs (6) 

It has various types of hospitals or special 
departments 
General (4) 

Eye, ear, nose, throat (4) 

Surgical ensas (2) 

Maternity (2) 

Contagious disouBos (2) 

Tuberculosis hosintnl or sanitariums (4) 
Division of rosoaroli formed (1) 

Bureau of vital statistics ( 1 ) 


Private institutions co-operate with board 
of health. Co-operation with board of 
hoaltli on part of sclmol cbildron (G), 
parents (5) , . 

Law enforcement on spitting (6) 

Laws other than Interstate Commerce Act on 
Idlling and solo of moats, with enforcement 
of Buoh laws (6) 

Supervision of food supplies (5) 

Law cnforcoraont on manure heaps and out- 
door privies. Campaigns of health educa- 
tion started (3) 

Co-operation with state and public health 
servieo (2) 

Co-operation with civic assooiations in health 
or cican-up campaign (10) 


TOTAL 


100 
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6. Have the club make a visit to the city health department, get 
all the infonuation they can, and then rate its efficiency, nainf; the score 
card on page 438. ' 


7. Visit a laboratory where antitoxins are made and have dif- 
ferent members of the club prepare papers to be read in class on 
“Ways in which vaccines are made and used.” 
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The diacritical marks are those used in the Webster School Dictionaries. 


accumulate (fi-kii'mtl-lat) : To bring 
together. 

addict (d-dikt'); One who uses 
drugs, etc, habitually. 

Adirondack (M'l-rfin'dJtk) ; Moun- 
tains in New York State, 
adulteration (d-dorter-a'shfin) ; The 
state of being made of a lower 
grade by the addition of a foreign 
or cheaper substance. 

Aedes (d-e'des) ; The mosquito that 
carries yellow fever, 
algae (al'je) (Pin. of ai'gd): A 
ehloropliyl containing plant of the 
class Thallophytis. Especially 
seaweeds. 

anaerobic (3,n-9.'er-Q''b)k) : Bacteria 
capable of living without free 
oxygen. 

analogy (d-na,l'6-jl) : Similarity of 
relations. 

Anopheles (d-nflf'S-lez) ; A genus of 
mosquitoes whose bite is the usual | 
means of infecting human beings . 
with malaria. 

antibody (iln'tl-bbd'l) : Substances 
in the blood which fight harmful 
bacteria or toxins. 

antiseptic (an'tl-sSp'tlk) ; A sub- 
stance that prevents the growth of 
harmful microorganisms, 
antitoxin (fin'tl-tfik'sln) : A sub- 
stance produced in the body of an 
animal and used to overcome the 
effects of disease-producing bac- 
teria. 

aquatic (d-kwilt'lk) : Living in 'roter. 
aqueduct (ftk'wS-diikt) : An artificial 
channel or conduit for carrying 
water. . „ 

Aichimedes (ilr'kl-m6'dez)_ A Greek 
scientist and mathematician, 
artesian (dr-tS'zhdn) : A deep bored 


well. 

artesian well: A well made by 
boring until water is reached, 
which, from internal pressure 
flows spontaneously, 
auditorium (6'dl-to'rl-iim) ; That 


part of a building assigned to the 
audience. 

bacteria (bSk-te'rt-d) : A group of 
microscopic organisms, 
bubonic (bft-bBn'lk): Relates to 
disease attended by swelling of 
lymphatic glands. 

calculation (kfil'ktl-la'shiin) ; Reck- 
oning. 

carrier (kllr'I-&) : A person capable 
of transferring disease germs. A 
high frequency wave used in radio 
transmission. 

cavity (kfiv'l-tl) : A hollow place, 
cell (^1) : A small structural unit of 
which plants and animals are 
composed. 

centipedes (sSn'tf-pedz) : Small 
wormlike ommals with numerous 
body segments each with a polr of 
legs. 

chlorinate (kl6'rf-nilt) ; To treat 
, with chlorine. 

chromium (kr6'ml-4hn) : A grayish 
white hard metal. 

cilia (sU'I-d) ; Threads of protoplasm 
lining the surfaces of cells, 
circuit (sfir'klt) ; The complete path 
of an electric current, 
clepsydra (klgp'sl-drd) : A water 
clock. 

commission (kd-aifBh''fin) ; A body 
of persons to perform some 
duty. 

compressed (kBm-prSst'') : Tressed 
together. 

concentrated (kbn's^-trSt'Bd) : 
Very strong. 

consequently (kBn's6-kwBnt-lI) ; By 
natural sequence, 
conserve (kSn-stlrv') : To savc.^ 
contagious (kdn-tH'jiSa) : Catching, 
contaminated (kfin-tilm^-niit^8a) : 

Polluted or made impure, 
continental (kbn'tl-nSn'tdl) : Per- 
taining to a continent, 
convection (kdn-vBk'sh'fin) : A proc- 
ess of transferring heat by a cur- 
rent of liquid or gas. 
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counteract (koun'tor-Skt') : To act 
in opposition. 

CTiminally (ki'lm'I-n31-I) : Wickedly 
or contrary to law. 
culture (klil'tto) : Act of improving, 
deficient (dd-fish'cnt) : Lacking. _ 
deflecting (de-flfikt'Ing) : Bending, 
depression (dfi-prSsh'iin) : A lower- 
ing or sinking. 

diaphragm (dl'A-frdm) : A vibrating 
disk os in the telephone. Muscu- 
lar partition separating the chest 
cavity from the abdomen, 
efficiency (B-flsh'ai-sI) : The per- 
centage found by dividing the 
amount of work obtained from a 
machine by the total work put 
into it. 

elastic (a-iaa|tlk) : Capable of re- 
covering size and shape after 
distortion. 

equilibrium (olcvd-IIb''rI-fim) : A 
state of balance. 

eradicate (fi-rSfl'I-kat) : To destroy, 
erode (6-rod') : To eat away, 
erosion (e-rS'zhiin) : Act of wearing 
away. 

eruption (6-rtlp'shiln) : Act of burst- 
ing forth. 

eventually (d-vSn'tft-dl-p : Pinally. 
excess (Ck-sfis') : Going beyond 
limits. 

exhale (fiks-hnl') : To breathe out. 
extermination (6ka-tdr'ml-nu'shfln) : 
Total destruction. 

extinguish (Sks-tlN'gwlsh) : To put 
out. 

fissure (flsh'fir) : A narrow opening 
made by the parting of a sub- 
stance. _ 

fluorescent (floo'fi-rfis'dnt) : Emitting 
light when exposed to certain 
invisible rays. 

glazed (gliizd) : Having a glassy 
surface. 

Greenwich (grln^j) : The observa- 
tory in England through which 
the 0“ meridian posses, 
humidifying (hfl-mld't-fi'lng) : 
Moistening. 

humidity (hu-mid'l-tl) : Water vapor 
in the air. 

humus (hil'mlis) : Soil produced 
from the decay of unimuls and 
plants. 

ignite (Ig-nSt') : To tako fire. 


illuminate (I-ltl'ml-nat) : To light up. 
impervious (Im-pfir'vl-fis) : Not 
admitting passage through, 
incandescent (In'kdn-dSs'iint) : 

White hot or glowing with heat, 
incinerator (In-sIn'Gr-a'i.er) : A fur- 
nace for burning substances, 
incubate (In'kfl-bat) : To maintain 
a temperatnro favorable for eggs 
to hatch. 

inertia (In-fir'^hl-d) : Tendoney of a 
body to remain in its stiito of 
rest or motion unless acted upon 
by some outside force, 
inoculation (In-6k'(l-lri'sMn) ; Intro- 
ducing a scrum into a person to 
prevent or euro a disease, 
instantaneous (ln'stdn-td'n6-fis) : 
Done at once. 

incubation period (In'ktl-bn,'shfin) : 
Time between when germs causing 
disease are taken into the body 
and when symptoms of disease 
arc noticed. 

infra-red (In'frd-rSd) : That part of 
the spectrum lying outside the 
visible sjiectnim near the red end. 
insulated (In'sfl-lrit'Bd) : Separated 
by non-conducting material, 
insulator (In'sfl-hVtcr) ; A body 
througli which an electric current 
passes slightly if at all. A body 
through which heat passes with 
difficiilty. 

intensities (In-ttin'sl-tlz) : Magni- 
Uidc; In’illiancc. 

interdependence (rn'tSi'-dd-pdn'- 
dbns) ; Mutual dependence, 
international (In'tGr-na.sh'Hn-dl) ; 
Between nations. 

inverse (In-vfir.s') : Opposite in 
nature. Kevorso. 

invertebrate (In-vfir'tfi-brAt) : An 
animal having no backbone or 
spinal column. 

irrigation (Ir'I-gu'shfin) : To water 
land for agricultural purposes by 
means of canals or ditches, 
laboratory (litb'd-rd-tO-rl) : A chem- 
ist’s work room. 

lacquer (lilk'ra-) : A kind of varnish 
or sliifiliic. 

larvae (liir'vG) ; The immature often 
worndikn form of insects, 
liana (l6-il'n«) : A climbing vine of 
the tropics. 
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mammal (rnttm-'dl) : Every animal 
that nourishes its young with milk, 
meridian (mC-rld'I-dn) : A great 
circle on the earth's surface pass- 
ing through the poles, 
mica (ml'ku) ; A mineral that 
crystallizes in thin sheets which are 
often transparent, 
microscopic (ml'krO-skhpTk) ; Too 
small to bo seen without a micro- 
scope. 

miscellaneous (mTs'a-la'nlMls) ; Con- 
sisting of several different Idnda. 
mucous membrane (mQ'ktis mSm'- 
brSn) : Lining of any body oavity. 


nodules (ndd'Uls) : Thickened knots 
or lumps on roots of legumes. 
Oersted (Ar'stSth) : A Danish soien- 
tisl who discovered the ration- 
ship between electricity and 
magnetism. 

parapet (pdr'd-pBt) : A barrier or 
wall. 

parasitic (ptir'a-slt%) : Living on ; 
other organisms. 

pendulum (pSn'dfli-Ulm) : A body 
suspended so os to swing freely, 
pestilence (pes'tl-lBns) : An infec- 
tious epidemic disease that is 
virulent. 

phosphorescence (fBs'flir-es'&ia) : 
State of giving light, without 
sensible heat. 

phosphorescent (fSs'fBr-Ss'Bnt) ; 

Luminous without sensible heat, 
plague (plQg) : An infectious dises^. 
plastic (pito'tik) ; CajMble of being 
molded. 

plateau (pld-to') : A table land, 
pneumatic (ntl-mitt'lk) ; Worked by 
air pressure. 

polluted (pS-lut'8d) : Dnolean. 
polyp (pdTlp) : A smaD water 
animah os nydras and corals 
posture (pBs'Wr) : Attitude ; pose ; 
the position or bearing of the body 
as a whole. 

potassium (pfl-lBsT-fim) : A soft 
silver-white metal, 
predisposed (prB'dls-pBzd') ; Dis- 
posed or inolined beforehand, 
preservative (prB-zhr'vd-tlv) : A sub. 
stance having power to keep fruits 
from decaying. Also vegetable, 
preventable (pr6-v8n'td-b'lj ; Able 
to keep from happening. 


quarantine (kwBr'fin-ten) : Hestric- 
tions on a siek person or one 
suspected of being mfeoted with a 
disease. 

radiated (r5'dl-at'ed) : Sent out rays 
as heat or light. 

radiation (ra'dl-a'shiin) : Act of 
emitting rays, 
reflection (re-flSk'shftn) : Act of 
bending or turning back, 
refraction (rC-friik'ahiin) : The de- 
flection from a straight line of a 
beam of light in pasang obliquely 
from one medium into another, 
reservation (rfiz'Sr-vfl'i^ihi) : A tract 
of public land. 

reservoir (r6z'Sr-vw6rl : A place 
where water is stored, 
reptile (rSp'tfl) : Animal moving on 
belly or Dy means of short legs, 
resistance (rB-zls'tiins) ; The opposi- 
tion oSered, by a body to the poas- 
ing of on electric current, 
resphatoiy (rAspir'fi-td-r^ ; Relat- 
ing to respiration or breathing, 
respiratory diseases: Diseases of 
the breathing organs, 
rotation (r6-tS.'mlin) : Act of turning 
on an ams. 

sanitarium (sBn't-tllrl-ihn) ; A 
health resort. 

sanitation (sSn'I-ta'shUn) ; Use of 
hyglenio measures, 
saturate (sh^-rat): Anything is 
saturated when it has taken ss 
much of the substance as possible, 
as when water is saturated with 
salt. 

scorpion (sk6r'pl-^n) : A small 
aimnal having a venomous sting, 
sediment (sSd'I-mSnt) : Material 
which settles in quiet water, 
sedimentation (sSd'l-mSn-til'Bhiln) : 

Act of depositing sediment, 
septic (sBp'tlk) : Produced by putre- 
faction. , 

sewage (sli'fij) : Waste matter which 
flows from toilets and from streets 
through pipes. „ , . 

sidereal (si-dS're-tfl) : Eelatmg to 
the stars. 

solar (so'ldr) : Pertaining to the sun. 
solidify (sfi-MT-fl) : To make 
solid 

specialized (spBdi'ai-Izd) : Pitted for 
use along a special line. 
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species (spe'shez): A group in 
the classification of animals or 
plants. 

sterile (stISrIl): Free from micro- 
organisms or germs, 
stimulated (stlm'(l-lai'«(l): Aroused 
or excited. 

symbiosis (sim'bl-o'sla) i Living to- 
gether for mutual benefit, 
tabulated (tilb'fi-liit'Sd): Arranged 
in form of a table, 
tentative (tiin'ld-tlv): On trial, 
thermostat (thfir'mfl-stilt) : Auto- 
matic heat-regulating device, 
tolerance (tdl'er-dns): Capabllity of 
enduring or resisting the action 
of drugs, etc. 

toxin (tak'sln): A poisonous sub- 
stance produced by disease-po- 
diicing bacteria during their 
growth. 

transformed (trfins-ffirmedO : Form 
changed. 

tubercule (tQ^bSr-kiil): Any small 


knotlike prominence, especially in 
some part of a plant or animal, 

tungsten (tllng'st^n) : A hard gray 
metal used for electric-light 
filaments. 

turbine (tfir'bln) : A special type of 
waterwheel. 

ultra-videt (tll'iro-vi'iVlfit) : Beyond 
the visible spectrum at the violet 
end. 

vaccine (vllk'sin): Any substance 
used in vaccination. 

ventilation (vCn'lI-la'shfln) : Process 
o[ providing a free circulation of' 
air. 

vermin (vflr'min) : Disgusting ani- 
mals difficult to control, as fieas 
and rats. 

vertebrate (vfir'tG-briit) : An animal 
having a backbone. 

vibration (vi-brii'shfln): Act of 
moving rapidly to and fro. 

welding (wSld'Ing) : Uniting. 

Yangtse (yiing'tstS): River in China, 
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dwned 30, 32 

for life in tropics ... 36, 36 
for life on land . . . ‘ . 36, 36 
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Aides mosquito ... 12, 15, 16 
Air, bacteria in .... 63, 70 
changes in lungs ... 63, 64 
com^imental ..... 66 

germs in 69, 67, 69 

organisms in ..... , 69 

pure 63, 68 

reserve €6 
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temperature of, in rooms . 80 

tidal 64, €6 

washing and cleaning ... 82 
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Air-conditioning units . . 81, 88 
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and the ear .... 391, 392 

in patent medicines . _ 383, 385 
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Pamphlets of 386 

Ampere 203 

Anopheles mosquito .... 12 

AntibodieB, use of . _ . . . . 420 
Antitoxin, preparation of, for 

diphtneria 

how it works . . • 423-424 

Aqueduct, Olaudian .... 10 

Arm, lever of third class . 


ArtMian well . . . . 97, 98, 99 
Artificial light, best sources 

of _ 170-180 
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form . . 37, 38, 312, 313 

Asthma 70 

Atmospheric pressure lifts 

water 103 

Automatic stoker 142 

Bacillus 339 

Bacteria, aerobic 125 

anaerobic 125 

cause decay .... 337, 338 

cause disease . . 338, 349, 350 
cause milk to sour . . 342, 343 

fix nitrogen from air 343, 344, 345 
help make wine or vinegar . 342 

how they grow 339 

in clean and dirty sur- 
roundings 340 

rapid reproduction of . , . 339 
where found 337, 340, 341, 342, 343 
Balance between land and 
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Balance of life, how man dis- 
turbs the . , . 807, 308, 309 
how maintained . . 315, 316 

how restored 321 

in forest 307 

Balances in life ... 312, 313 

Ball float . Ill 

Beaches, and rising coasts . . 297 
Beaches formed by ocean 

currents 286 

Bearings, ball 227 

roller 227 

Beebe, William 315 

Bicycle, uses wheel and axle 225-226 

Block and tackle 227 

Block mountain . . . 277, 278 

Blood, a carrier 66 

Body, how protected from 

germs 420 

Bubonic plague, in London . 12 

Bunsen burner 146 
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Camp lamp 177 

Candle, banded . _ . . . . 241 
Candle power, a unit . . - 1*4 

Canned foods, teeting ... 376 
Cape Cod, erosion oi _ ■ • ■ 285 
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